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(57) Abstract 

Disclosed are compositions comprising at least one cationic ion-exchange hydrogel-forming polymer and at least one. anionic 
ion-exchange hydrogel-forming polymer, wherein the composition exhibits improved absorbency characteristics relative to comparable 
mixtures of the hydrogel-forming polymers in their neutralized state. Also disclosed are mixed-bed ion-exhange compositions having 
improved Performance Under Pressure values relative to prior mixed-bed compositions, which, e.g., alleviate detrimental gel blocking 
incurred with these prior systems. Also disclosed are absorbent members useful in the containment of body fluids such as urine, that have 
at least one region comprising a mixed-bed ion-exchange hydrogel-forming absorbent polymer composition in a concentration of from 
about 60 to 100 % by weight. 
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MIXED-BED ION-EXCHANGE HYDROG EL-FORMING POLYMER COMPOSITIONS 
AND ABSORBENT MEMBERS COMPRISING RELATIVELY HIGH 
CONCENTRATIONS OF THESE COMPOSITIONS 



TECHNICAL FIELD 

This application relates to absorbent members for absorbing body fluids such as urine 
and menses. This application particularly relates to mixed-bed ion-exchange hydrosel- forming 
polymer compositions and absorbent members having at least one region comprising a relatively 
high concentration of these compositions. 

BACKGROUND OF THE INVENTION 

The development of highly absorbent members for use as disposable diapers, adult 
incontinence pads and briefs, and catamenial products such as sanitary napkins, are the subject 
of substantial commercial interest. A highly desired characteristic for such products is thinness. 
For example, thinner diapers are less bulky to wear, fit better under clothing, and are less 
noticeable. They are also more compact in the package, making the diapers easier for the 
consumer to carry and store. Compactness in packaging also results in reduced distribution 
costs for the manufacturer and distributor, including less shelf space required in the store per 
diaper unit. " 

The ability to provide thinner absorbent articles such as diapers has been contingent on 
the ability to develop relatively thin absorbent cores or structures that can acquire and store large 
quantities of discharged body fluids, in particular urine. In this regard, the use of certain 
absorbent polymers often referred to as "hydrogels," "superabsorbents" or "hydrocolloid" 
material has been particularly important. See. for example, U.S. Patent 3,699,103 (Harper et al), 
issued June 13, 1972, and U.S. Patent 3,770,731 (Harmon), issued June 20, 1972,' that disclose 
the use of such absorbent polymers (hereafter "hydrogel-forming absorbent polymers 1 *) in 
absorbent articles. Indeed, the development of thinner diapers has been the direct consequence 
of thinner absorbent cores that take advantage of the ability of these hydrogel-forming absorbent 
polymers to absorb large quantities of discharged body fluids, typically when used in 
combination with a fibrous matrix. See, for example, U.S. Patent 4,673,402 (Weisman et al). 
issued June 16, 1987 and U.S. Patent 4,935.022 (Lash ct a!), issued June 19, 1990, that disclose 
dual-layer core structures comprising a fibrous matrix and hydrogel-forming absorbent polymers 
useful in fashioning thin, compact, nonbulky dtapen. 

These hydrogel-forming absorbent poKmcrs are often made by initially polymerizing 
unsaturated carboxylic acids or derivative* thereof, such as acrylic acid, alkali metal (e.g., 
sodium and/or potassium) or ammonium sails of acrylic acid , alkyl acrylates, and the like. 
These polymers are rendered water-insoluble. >ct vwitcr-swellable, by slightly cross-linking the 
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carboxyl group-containing polymer chains with conventional di- or poly-functional monomer 
materials, such as N, N'-methvlenebisacrvlamide. trimethylol propane triacrylate or triallyl 
amine. These slightly crosslinked absorbent polymers still comprise a multiplicity of anionic 
(charged) carboxyl groups attached to the polymer backbone. It is these charged carboxy groups 
that enable the polymer to absorb body fluids as the result of osmotic forces, thus forming 
hydrogels. 

These hydrogel-forming absorbent polymers are also often made by initially 
polymerizing unsaturated amines or derivatives thereof such as diallyldimethylammonium 
chloride, N, N-dimethy lam inoethylmethacry late. HC1. N .N-dimethy lam inoethy lacry late. HC1,. 
methacrylamido-propyltrimethyl-ammonium hydroxide and the like. These polymers are 
rendered water-insoluble, yet water-swellable. by slightly cross-linking the polymer chains with 
conventional di- or poly-functional monomer materials, such as N, N'-methylenebisacrylamide, 
trimethylol propane triacrylate or triallyl amine. These slightly crosslinked absorbent polymers 
still comprise a multiplicity of cationic (charged) amine groups attached to the polymer 
backbone. It is these charged amine groups that enable the polymer to absorb body fluids as the 
result of osmotic forces, thus forming hydrogels. 

The degree of cross-linking determines not only the water-insolubility of these 
hydrogel-forming absorbent polymers, but is also an important factor in establishing two other 
characteristics of these polymers: their absorbent capacity and gel strength. Absorbent capacity 
or "gel volume*' is a measure of the amount of water or body fluid that a given amount of 
hydrogel-forming polymer will absorb. Gel strength -relates to the tendency of the hydrogel 
formed from these polymers to deform or "flow" under an applied stress. Hydrogel-forming 
polymers useful as absorbents in absorbent structures and articles such a$ disposable diapers 
need to have adequately high gel volume, as vs ell as adequately high gel strength. Gel volume 
needs to be sufficiently high to enable the h\droeel-formmg polymer to absorb significant 
amounts of the aqueous body fluids encountered during use of the absorbent article. Gel strength 
needs to be such that the hydrogel formed does not deform and fill to an unacceptable degree the 
capillary void spaces in the absorbent structure or article, thereby inhibiting the absorbent 
capacity of the structure/article, as well as the fluid distribution throughout the structure/article. 
See, for example, U.S. Patent 4,654,039 (Brandt et al), issued March 31, 1987 (reissued April 
19, 1988 as U.S. Reissue Patent 32,649) and l' S Patent 4,834,735 (Alemany et al), issued May 
30, 1989. 

These hydrogel-forming polymers arc t>picall> lightly-crosslinked poiyelectrolytes that 
swell in aqueous electrolyte solutions primanW as a result of an osmotic driving force. The 
osmotic driving force for hydrogel-forming poKmer swelling results primarily from 
polyelectrolyte counterions that are dissociated from the poly electrolyte but are kept inside the 
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swollen po. ym er due to electroneutrality considerations. Hvdrogel.fon.inu polymers that 
compr.se weak-acid or weak-base po.yelectrolytes (e.g.. carboxy.ic acid or mo'no/diAri- amine 
funcfonal groups) in their un-neutralized forms are only slightly dissociated in urine solutions 
These weak-acid or weak-base hydrogel- forming polymers must be at least pania.lv neutralized 
w,th base or acid, respectively, in order to generate substantial concentrations of dissociated 
counterions. Without neutralization to e.g.. - 7 0%. these weak-acid or weak-base hydrogel- 
formmg polymers do not swell to their maximum potential absorbent capacity or gel volume In 
contrast, the absorbent capacity of hydrogel-forming polymers comprising strong-acid or stron e 
base funct.onal groups (e.g.. sulfonic acid or quaternary ammonium hvdroxide) are much less 
sens.t.ve to their degree of neutralization. However, the use of these strong-acid or strone-base 
hydrogel-frorming polymers in their un-neutra.ized forms have the potential to shift the P H of 
the urine solution to unacceptably low or high values, respectively. 

Even after neutralization, the osmotic driving force for swelling and thus the absorbent 
capacty or gel volume of polye.ectrolyte hydroge.-fon.ing polymers is greatlv depressed by the 
h.gh concentration of dissolved electrolyte norma.ly present in urine. The concentration of this 
dissolved electro.yte, expressed as wt% NaCI . can be as high as q.9% (physiological sa.ine) or 
h.gher. It ,s known that reducing the concentration of dissolved electrolyte in urine (e g by 
d.lut,on with distilled water) can greatly increase the absorbent capacity of a^lvelectro'.yte 
hydrogel-forming polymer. Thus, for example, when Jayco synthetic urine is used'to measure 
the ge. volume of a partially-neutralized sodium polyacry.ate hydroge.-formmg po.ymer. a ten- 
fold d.lution of Jayco with distilled water can results in approximately a three-fold increase in 
gel volume. 

It is known that the concentration of dissolved electrolyte in an aqueous solutions can be 
lowered by "reaction" of the solution with a mixed-bed ion-exchange resin. (Ion-exchange 
columns are often used commercially to deionize water.) Electrolyte concentration is reduced 
by the combined effect of (i) exchange of dissolved cations (e.g.. N .+) in the aqueous solution 
w.th H from the cation-exchange resin and (ii) exchange of dissolved anions (e g CI') with 
OH- from the „ ion-exchange resin. The H+ and OH- from the resins combine in solution to 
yield H 2 0. It is the reaction of H+ and OH- to form H 2 0 that drives the transfer of dissolved 
an,ons and cations from solution onto their respective resins, resulting in a reduction in solution 
electrolyte concentration. Generally, mixed-bed resins contain approximately equal equivalents 
of anton-exchange and cation-exchange functional groups. Particles of anion and cation resins 

are desirably intimately mixed and/or have hinh c.rfw • ^ 

e m B h surface areas in order to shorten' diffusion 

distances and increase ion-exchange rates. 

Ion-exchange resins have been used lo increase the absorbent capacity of absorbent 
amcles containing hydrogel-forming p 0 | ymers . See for examp|e> u g ^ ^ ^ 
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issued April 4, 1989 to Wong. However, the need to incorporate large quantities of ion- 
exchange resin(s) have little or no absorbent capacity generally increases the bulk of the 
absorbent article to an unacceptable degree. 

It is known that a mixture of (i) an anionic hydrogel-forming polymer in its acid form 
and (ii) a cationic hydrogel-forming polymer in its base form has the potential to function as a 
mixed-bed ion-exchange system with respect to the reduction of solution electrolyte 
concentration. Furthermore, if the anionic hydrogel-forming polymer in a mixed-bed ion- 
exchange system is a weak acid and starts off in its un-neutraiized form, then the resulting 
exchange of H + by e.g., Na + results in the conversion of the anionic hydrogel-forming polymer 
from its un-neutralized to neutralized form. Thus, the osmotic driving force for swelling (and 
thus the absorption capacity of the hydrogel-forming polymer) of a weak-acid anionic hydrogel- 
forming polymer increases as a result of ion-exchange in a mixed-bed ion-exchange system. 
Similarly, if the cationic hydrogel-forming polymer in a mixed-bed ion-exchange system is a 
weak base and starts off in its un-neutralized form, then the resulting exchange of OH" by e.g., 
CI" (or the addition of HC1 to a neutral amine group) results in the conversion of the cationic 
hydrogel-forming polymer from its un-neutralized to neutralized form. Thus, the osmotic 
driving force for swelling of a weak-base cationic hydrogel-forming polymer also increases as a 
result of ion-exchange in a mixed-bed ion-exchange system. Whether or not the hydrogel- 
forming polymers in a mixed-bed ion-exchange system are weak/strong acids or weak/strong 
bases, the reaction of an aqueous electrolyte solution with a mixed-bed ion-exchange system 
results in at least some lowering of electrolyte concentration, which results in at least some 
increase in the osmotic driving force for. swelling. X As a result of the combined effects of (i) 
reduction in electrolyte concentration and (ii) conversion (if necessary) from a iess-swellable to 
a more-swellable form, a mixed-bed ion-exchange hydrogel-forming polymer system, where the 
anionic and cationic hydrogel-forming polymers each start out in their un-neutraiized forms, has 
the potential to deliver an increased osmotic driving force for swelling relative to a mixture of 
comparable anionic and cationic hydrogel-forming polymers where they each start off in their 
neutralized forms. The use of mixed-bed ion-exchange hydrogel-forming polymers to increase 
absorption capacity has been described in PCT Applications WO 96/17681 (Palumbo: published 
June 13, 1996), WO 96/15162 (Fomasari et. al.; published May 23, 1996), and U.S. 5,274,018 
(Tanaka; issued Dec. 28, 1993). 

The degree to which a mixed-bed ion-exchange hydrogel-forming polymer system can 
potentially reduce electrolyte concentration depends on (i) the meq/g ion-exchange capacity of 
the anionic and cationic hydrogel-forming poKmerv (it) the pKa and pKb (and thus the extent 
of reaction) of the anionic and cationic hydrogel-forming polymers; (iii) meq/l of electrolyte in 
the aqueous solution; and (iv) the l/g ratio of aqueous electrolyte solution to ion-exchange 
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hydrogel-forming polymers. For a given mixed-bed ion-exchange capacity, pKa and pK.b. and 
electrolyte concentration, the reduction in electrolyte concentration is maximized by minimizing 
the total volume of solution in contact with the ion-exchange hydrogel-forming polymers. In an 
absorbent structure (e.g., a blend of hydrogel-forming polymers and fiber), only a portion of the 
total fluid is absorbed by the hydrogel-forming polymer. The balance of the" fluid is absorbed by 
other components (e.g., in pores formed by the fiber structure). However, even though this fluid 
is not absorbed by the hydrogel-forming polymer, the electrolyte in this fluid can diffuse into the 
hydrogel-forming polymer and thus raise the electrolyte concentration within to a level ereater 
than if the external fluid was not present. If the objective is to use a mixed-bed ion-exchange 
hydrogel-forming polymer system to increase absorbent capacity, then the potential benefits of 
ion-exchange are lessened as the percentage of hydrogel-forming polymer in the absorbent 
structure is decreased. In contrast, reducing the quantity of fiber (or other non-hydrogel- 
forming-polymer components capable of absorbing fluid) minimizes the quantity of extra 
solution and thus the quantity of extra salt that must be exchanged in order to achieve a given 
reduction in electrolyte concentration. Thus, in principle, when a mixed-bed ion-exchange 
hydrogel-forming-polymer system is incorporated in an absporbent structure, it can benefit to a 
greater degree from ion-exchange when it is incorporated at high concentration versus at low 
concentration. 

Prior absorbent structures have generally comprised relatively low amounts (e.g., less 
than about 50 % by weight) of these hydrogel-forming absorbent polymers. See, for example, 
U.S. Patent 4,834,735 (Alemany et al), issued May 30, 1989 (preferably from' about 9 to about 
50% hydrogel-forming absorbent polymer in the fibrous matrix). There are several reasons for " 
this. The hydrogel-forming absorbent polymers employed in prior absorbent structures have 
generally not had an absorption rate that would allow them to quickly absorb body fluids, 
especially in "gush" situations. This has necessitated the inclusion of fibers, typically wood pulp 
fibers, to serve as temporary reservoirs to hold the discharged fluids until absorbed by the 
hydrogel-forming absorbent polymer. 

More importantly, many of the known hydrogel-forming absorbent polymers exhibited 
gel blocking. "Gel blocking" occurs when particles of the hydrogel-forming absorbent polymer 
are wetted and the particles swell so as to inhibit fluid transmission to other regions of the 
absorbent structure. Wetting of these other regions of the absorbent member therefore takes 
place via a very slow diffusion process. In practical terms, this means acquisition of fluids by 
the absorbent structure is much slower than the rate at which fluids are discharged, especially in 
gush situations. Leakage from the absorbent article can take place well before the particles of 
hydrogel-forming absorbent polymer in the absorbent member are fully saturated or before the 
fluid can diffuse or wick past the "blocking" particles into the rest of the absorbent member. Gel 
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blocking can be a particularly acute problem if the particles of hydrogei-forming absorbent 
polymer do not have adequate gel strength and deform or spread under stress once the particles 
swell with absorbed fluid. See U.S. Patent 4,834,735 (Alemany et al), issued May 30, 1989. 

This gel blocking phenomena has typically necessitated the use of a fibrous matrix in 
which are dispersed the particles of hydrogei-forming absorbent polymer. This fibrous matrix 
keeps the particles of hydrogei-forming absorbent polymer separated from one another. This 
fibrous matrix also provides a capillary' structure that allows fluid to reach the hydrogei-forming 
absorbent polymer located in regions remote from the initial fluid discharge point. See U.S. 
Patent 4,834,735 (Alemany et al), issued May 30, 1989. However, dispersing the hydrogei- 
forming absorbent polymer in a fibrous matrix at relatively low concentrations in order to 
minimize or avoid gel blocking can lower the overall fluid storage capacity of thinner absorbent 
structures. Using lower concentrations of these hydrogei-forming absorbent polymers limits 
somewhat the real advantage of these materials, namely their ability to absorb and retain large 
quantities of body fluids per given volume. 

Besides increasing gel strength, other physical and chemical characteristics of these 
hydrogei-forming absorbent polymers have been manipulated to decrease gel blocking. One 
characteristic is the particle size, and especially the panicle size distribution, of the hydrogei- 
forming absorbent polymer used in the fibrous matrix. For example, particles of hydrogei- 
forming absorbent polymer having a panicle size distribution such that the panicles have a mass 
median panicle size greater than .or equal to about 400 microns have been mixed with 
hydrophilic fibrous materials to minimize gel blocking and to help maintain an open capillary 
structure within the absorbent structure so as to enhance planar transport offluids away from the 
area of initial discharge to the rest of the absorbent structure. In addition, the particle size 
distribution of the hydrogei-forming absorbent polymer can be controlled to improve absorbent 
capacity and efficiency of the particles employed in the absorbent structure. See U.S. Patent 
5,047,023 (Berg), issued September 10, 1991. However, even adjusting the particle size 
distribution does not, by itself, lead to absorbent structures that can have relatively high 
concentrations of these hydrogei-forming absorbent polymers. See U.S. Patent 5,047,023, supra 
(optimum fiber to particle ratio on cost/performance basis is from about 75:25 to about 90:10). 

Another characteristic of these hydrogei-forming absorbent polymers that has been 
looked at is the level of extractables present in the polymer itself. See U.S. Patent 4,654,039 
(Brandt et al), issued March 31, 1987 (reissued April 19, 1988 as U.S/Reissue Patent -32,649). 
Many of these hydrogei-forming absorbent polymers contain significant levels of extractable 
polymer material. This extractable polymer material can be leached* out from the resultant 
hydrogel by body fluids (e.g., urine) during the time period such body fluids remain in contact 
with the hydrogei-forming absorbent polymer. It is believed such polymer material extracted by 
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body fluid in this manner can alter both the chemical and physical characteristics of the body 
fluid to the extent that the fluid is more slowly absorbed and more poorly held by the hydrooel 
in the absorbent article. 

Another characteristic that has been looked at to minimize gel blocking is to i mpr0 ve 
the cap.llary capability of these hydrogel-forming absorbent polymers. In particular it has been 
suggested that particles of these hydrogel-forming absorbent polymers be fonr,ed into 
mterparticle crosslink^ aggregate macrostructures. typically in the form of sheets or strips See 
U.S. Patent 5, 1 02,597 (Roe et al), issued April 7, 1992; U.S. Patent 5. 1 24. 1 88 (Roe et al) issued 
June23, 1992: and U.S. Patent 5,149, 344 (Lahrman et al), issued September 22 199- Because 
the particulate nature of the absorbent polymer is retained, these macrostructures provide pores 
between adjacent panicles that are interconnected such that the macrostructure is fluid 
permeable (l .e., has capillary transport channels). Due to the interparticle crosslink bonds 
formed between the panicles, the resultant macrostructures also have improved structural 
•ntegnty. increased fluid acquisition and distribution rates, and minimal gel b.ockin* 
characteristics. — 

Yet another characteristic the an has known f or some time as a measure of gel blocking 
-s the Demand Wettability or Gravimetric Absorbence of these hydrogel-forming absorbent 
polymers. See, for example, U.S. Patent 5.562.646 (Goldman et. al.) issued October 8 1 996 and 
U.S. Patent 5.599.335 (Goldman et. al.) issued Feb. 4. 1 997 ^ where Demand 
• Wettab.hty/Gravimetric Absorbence is referred to as Performance Under Pressure (PUP) In a 
PUP experiment, an initially-dry AGM at 100% concentration is positioned in a piston/cylinder 
apparatus (where the bottom of the cylinder is permeable to solution, but impermeable to the 
AGM) under a mechanical confining pressure and is allowed to absorb synthetic urine under 
demand-absorbency conditions at zero hydrostatic suction and high mechanical pressure The 
"PUP" capacity is defined as the g/g absorption of Jayco Synthetic Urine by a 0.032 g/cm2 layer 
of the hydrogel-forming absorbent polymer, while being confined under an applied pressure of 5 
KPa (about 0.7 psi) for a time period of one hour. A hydrogel-forming polymer is deemed to 
have desirable PUP properties if it absorbs at .east about 23 g/g after one hour. A high PUP 
capac.ty ,s a critically important property for a hydrogel-forming polymer when it is used at 
high 

concentrations in an absorbent structure. 

Although maximizing the concentration of mixed-bed ion-exchange hydrogel-forming- 
polymers an absorbent structure increases the osmotic driving force for swelling, this increase in 
osmot.c driving force has heretofore not resulted in the anticipated improvement in absorbency 
performance in terms of PUP capacity. It is believed that the performance deficiency at high 
concentration of current mixed-bed ion-exchange hydrogel-forming polymers results at least in- 
pan from the constituent polymers in the mixed-bed system and their mixture not being 
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optimized for use at high concentration and high confining pressure. As a result, current rnixed- 
bed ion-exchange hydrogel-forming polymers tend to gel block under a confining pressure, 
exhibit slow absorption rates under PUP-absorption conditions, and have a low PUP absorption 
capacity after a reasonable period of time. As a result, the PUP absorption of the mixed-bed 
ion-exchange hydrogel-forming polymers is not significantly greater than the PUP absorption of 
a comparable mixture of the cationic and anionic hydrogel-forming polymers, where the 
polymers are neutralized prior to the PUP measurement or of either the anionic or cationic 
hydrogel-forming polymer by itself, where the polymers are neutralized prior to the PUP 
measurement. (They can also exhibit a low value for saline flow conductivity (SFC). a low 
value for Porosity of the Hydrogel Layer (PHL), and slow ion-exchange rates - see discussion 
below.) The deficiencies of current mixed bed ion-exchange hydrogel-forming polymers at high 
concentrations is especially noteworthy, given the importance of using . hydrogel-forming 
polymers in high concentrations in absorbent articles such as diapers. 

For absorbent structures having relatively high concentrations of these hydrogel-forming 
absorbent polymers, other characteristics of these absorbent polymers are also important. It has 
been found that the openness or porosity of the hydrogel layer formed when these absorbent 
polymers swell in the presence of body fluids is relevant for determining the ability of these 
absorbent polymers to acquire and transport fluids, especially when the "-absorbent polymer is 
present at high concentrations in the absorbent structure. Porosity refers to the fractional 
volume that is not occupied by solid material. For a hydrogel layer formed, entirely from a 
hydrogel-forming absorbent polymer, porosity is- the fractional volume of the layer that is not 
occupied by hydrogel. For an absorbent structure containing the hydrogel, as well as other 
components, porosity is the fractional volume (also referred to as void volume) that is not 
occupied by the hydrogel, or other solid components (e.g., Fibers). 

The openness or porosity of a hydrogel layer formed from a hydrogel-forming absorbent 
polymer can be defined in terms of Porosity of the Hydrogel Layer (see, for example, U.S. 
5,562,646). A good example of a material having a very-high degree openness is an air-laid web 
of wood-pulp fibers. For example, the fractional degree of openness of an air-laid web of wood 
puip fibers (e.g., having a density of 0.15 g/cc) is estimated to be 0.8-0.9, when wetted with 
body fluids under a confining pressure of 0.3 psi. 

It has been found that the PHL value of the hydrogel-forming absorbent polymer does 
not have to approach that of an air-laid web of wood pulp fibers in order to obtain substantial 
performance benefits when these absorbent polymers are present at high concentrations. These 
benefits include (1) increased void volume in the resultant hydrogel layer for acquiring and 
distributing fluid; and (2) increased total quantity of fluid absorbed by the absorbent polymer 
under demand wettability/gravimetric absorbency conditions (i.e., for the storage of fluid). 
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Increased porosity can also provide additional performance benefits such as: (3) increased 
permeability of the resultant hydrogel layer for acquiring and distributing fluid; (4) improved 
wicking properties for the resultant hydrogel layer such as wicking fluid upwardly against 
gravitational pressures or partitioning fluid away from an acquisition layer; and (5) improved 
swelling-rate properties for the resultant hydrogel layer to allow more-rapid storage of fluid. A 
hydrogel-forming polymer is deemed to have desirable PHL properties if its PHL value is at 
least about 0.15. 

Another important property at higher concentrations of these hydrogel-forming 
absorbent polymers is their permeability/flow conductivity. Permeability/flow conductivity can 
be defined in terms of their Saline Flow Conductivity (SFC) values. SFC measures the ability of 
a material to transport saline fluids, such as the ability of the hydrogel layer formed from'the 
swollen hydrogel-forming absorbent polymer to transport body fluids. Typicallv. an air-laid 
web of pulp fibers (e.g., having a density of 0.15 g/cc) will exhibit an SFC value of about 200 
xlO-7 cm^sec/g. Accordingly, it would be highly desirable to be able to use hvdrogel-forming 
absorbent polymers that more closely approach an air-laid web of wood pulp fibers in terms of 
SFC. A hydrogel-forming polymer is deemed to have desirable permeability properties if its 
SFC value is at least about 30x 1 0" 7 cm 3 sec/g. 

Another factor that has to be considered in order to take full advantage of the porosity 
and permeability properties of the hydrogel layer formed from these absorbent polymers is the 
wet integrity of the region or regions in the absorbent member that comprise these polymers. 
For hydrogel-forming absorbent polymers having relatively high porosity and SFC values, it is 
important that the region(s) in which polymers arc present have good wet integrity. By "good 
wet integrity" is meant that the region or regions in the absorbent member having the high 
concentration of hydrogel-forming absorbent poKmer have sufficient integrity in a dry, partially 
wet, and/or wetted state such that the physical continuity (and thus the capability of acquiring 
and transporting fluid into and through contiguous interstitial voids/capillaries) of the hydrogel 
formed upon swelling in the presence of bods fluids is not substantially disrupted or altered, 
even when subjected to normal use conditions. Durmg normal use, absorbent cores in absorbent 
ankles are typically subjected to tensional and torsional forces of varying intensitv and 
direction. These tensional and torsional forces .nclude bunching in the crotch area, stretching 
and twisting forces as the person wearing the absorbent article walks, squats, bends, and the like. 
If wet integrity is inadequate, these tensional and torsional forces can potentially cause a 
substantial alteration and/or disruption in the P h> sural continuity of the hydrogel such that its 
capability of acquiring and transporting flu.d, mto and through the contiguous voids and 
capillaries is degraded, e.g., the hydrogel la>cr can be partially separated, fully separated, have 
gaps introduced, have areas that are significant K th.nncd. and/or broken up into a plurality of 
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significantly smaller segments. Such alteration could minimize or completely neeate any 
advantageous porosity and permeability/flow conductivity properties of the hydrocel-forming 
absorbent polymer. 

Accordingly, it would be desirable to be able to provide mixed-bed ion-exchange 
hydrogel-forming polymers capable of absorbing an increased quantity of an urine electrolyte 
solution under PUP-absorption conditions in a reasonable period of time relative to a 
comparable mixture of the constituent hydrogel-forming polymers, each in their neutralized 
forms. It would also be desirable to be able to provide mixed-bed ion-exchange hydrogel- 
forming polymers capable of absorbing a large quantity of an urine electrolyte solution under 
PUP-absorption conditions in a reasonable period of time It would also be desirable to provide 
an absorbent structures containing a high concentration of a mixed-bed ion-exchange hydrogel- 
forming polymer capable of absorbing an increased quantity of an urine electrolyte solution 
under PUP-absorption conditions in a reasonable period of time relative to a comparable mixture 
of the constituent hydrogel-forming polymers, each in their neutralized forms. It would also be 
desirable to provide a mixed-bed ion-exchange hydrogel-forming polymer having high SFC and 
PHL values. 

DISCLOSURE OF THE INVENTION 

The present invention relates to absorbent materials and absorbent members useful in 
the containment of body fluids such as urine. In one aspect, the invention relates to a mixture of 
cationic ion-exchange hydrogel-forming polymers and anionic ion-exchange, hydrogel-forming 
polymers (referred to herein as a mixed-bed ion-exchange hydrogel-forming polymer- 
composition) wherein the mixture exhibits increased absorbence of an urine electrolyte solution 
under PUP-absorption conditions in a reasonable period of time, relative to a comparable 
mixture of the constituent anionic and cationic hydrogel-forming polymers, each in their 
neutralized forms. The invention also relates to absorbent members having at least one region 
comprising such mixed-bed ion-exchange hydrogel-forming polymer compositions at a 
concentration of from about 60 to 100%, by weight,' ion-exchange hydrogel-forming polymer. 

In another aspect, the invention relates to a mixed-bed ion-exchange hydrogel-forming 
polymer composition having a Performance under Pressure (PUP) capacity, value at 225 minutes 
of at least about 25 g/g under a confining pressure of 0.7 psi (5 kPa). The invention further 
relates to absorbent members having at least one region comprising such mixed-bed; ion- 
exchange hydrogel-forming polymer compositions at a concentration of from about 60 to 100%, 
by weight, ion-exchange hydrogel-forming polymer. 

BRJEF DESCRIPTION OF THE DRAWINGS 
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Figure I is a cross-sectional view of an absorbent article showing an absorbent core 
according to the present invention. 

Figure 2 is a cross-sectional view of an absorbent article showing another absorbent core 
according to the present invention. 

Figure 3 is a cross-sectional view of an absorbent article showing another absorbent core 
according to the present invention. 

Figure 4 is a cross-sectional view of an absorbent article showing another absorbent core 
according to the present invention. 

Figure 5 is a cross-sectional view of an absorbent article showing an alternative 
absorbent core to that shown in Figure 4. 

Figure 6 is a cross-sectional view of an absorbent article showing another alternative 
absorbent core to that shown in Figures 4 and 5. 

Figure 7 represents a schematic view of an apparatus for measuring the Saline Flow 
Conductivity (SFC) value of the hydrogel- forming absorbent polymers. 

Figure 8 represents an enlarged sectional view of the piston/cylinder assembly shown in 
Figure 7. 

Figure 9 represents a plan view of the bottom of the piston head from the piston/cylinder 
assembly shown in Figure 8. • 

Figure 10 represents a schematic view of an apparatus for measuringthe Performance 
Under Pressure (PUP) capacity of the hydrogel -forming absorbent polymers. 

Figure 1 1 represents an enlarged sectional view of the piston/cylinder assembly shown 
in Figure 10. 

Figure 12 represents a sectional view of the piston/cylinder assembly used to measure 
the porosity of the hydrogel-forming absorbent polymers. 

Figure 13 represents a plan view of the bottom of the piston head from the 
piston/cylinder assembly shown in Figure 12. 

DETAILED DESCRIPTION OF THE INVENTION 

A. Definitions 

As used herein, the term "body fluids" includes urine, menses and vaginaldischarges. 

As used herein, the term M Z-dimension n refers to the dimension orthogonal to the length 
and width of the member, core or article. The Z-dimension usually corresponds to the thickness - 
of the member, core or article. 

As used herein, the term M X-Y dimension" refers to the plane orthogonal to the thickness 
of the member, core or article. The X-Y dimension usually corresponds to the length and width 
of the member, core or article. 
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As used herein, the term "absorbent core" refers to the component of the absorbent 
article that is primarily responsible for fluid handling properties of the article, including 
acquiring, transporting, distributing and storing body fluids. As such, the absorbent core 
typically does not include the topsheet or backsheet of the absorbent article. 

As used herein, the term "absorbent member" refers to the components pf the absorbent 
core that typically provide one or more fluid handling properties, e.g., fluid acquisition, fluid 
distribution, fluid transportation, fluid storage, etc. The absorbent member can comprise the 
entire absorbent core or only a portion of the absorbent core, i.e., the absorbent core can 
comprise one or more absorbent members. 

As used herein, the terms "region(s)" or "zone(s)" refer to portions or sections of the 
absorbent member. 

As use herein, the term "layer" refers to an absorbent member whose primary dimension 
is X-Y. i.e., along its length and width. It should be understood that the term laver is not 
necessarily limited to single layers or sheets of material. Thus the layer can comprise laminates 
or combinations of several sheets or webs of the requisite type of materials. Accordingly, the 
term "layer" includes the terms "layers" and "layered." „ t 

For purposes of this invention, it should also be understood that the term "upper" refers 
to absorbent members, such as layers, that are nearest to the, wearer of the- absorbent article, and 
typically face the topsheet of an absorbent article; conversely, the term "lower" refers to 
absorbent members that are furthermost away from the wearer of the r absorbent article and 
typically face the backsheet. 

As used herein, the term "comprising" means various components, members, steps and 
the like can be conjointly employed according to the present invention. Accordingly, the term 
"comprising" encompasses the more restrictive terms "consisting essentially of and "consisting 
of," these latter, more restrictive terms having their standard meaning as understood in the art. 

All percentages, ratios and proportions used herein are by weight unless otherwise 

o 

specified. 
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B. Materials and Absorbent Member Components 
1 • Mixed-Bed Ion-Exchange Hvdrogel Forming Absorbent Polymers 
a. Chemical Composition 
(1). Cationic Polymers 

The hydrogel-forming absorbent polymers useful as the cationic polymer(s) include a 
variety of water-insoluble, but water-swellable polymers capable of absorbing large quantities of 
fluids. The cationic types can have a multiplicity of cationic functional groups, such as N-alkyl 
amine, NJM'-dialkylamine, N,N',N H trialkylamine, N>J\N^N' n -tetraaIkylammonium croups. 
Examples of polymers suitable for use herein include those which are prepared from 
polymerizable, unsaturated, cation-containing monomers. Thus, such monomers include the 
oleflnically unsaturated amines and substituted amines that contain at least one carbon to carbon 
olefinic double bond. More specifically, these monomers can be selected from oleflnically 
unsaturated alkylamines, dialkylamines. trialkylamines, and tetralkylammonium hydroxides 
such as vinylamine, allylamine, 4-aminobutene, 5-aminopentene and their N-alkyl, dialkyl, and 
tri-alkyl derivatives, the acrylate and methacrylate esters and amides containing alkylamines, 
dialkylamines, trialkylamines, tetralkylammonium hydroxide groups such as N,N- 
dimethylaminoethyI(meth)acrylate, N^-dimethyiaminoethylCmethJacrylamidje, N,N.N- 
trimethylaminoethyl(meth)acryiate, N,N,N-trimethylaminoethyl(meth)acryIamide, and the like 
and mixtures thereof. The cationic types can also comprise polyelectrolytes based on N,N- 
dialkyl, N,N-diallyIammonium salts such as dimethyldiallylammonium salts (see, for example, 
PCT Publication No. WO 96/17681, published by Palumbo on June 13, 1996 and PCT 
Publication No. WO 96/15162, published May 23, 1996 by Fornasari, both of which are 
incorporated herein by reference). 

The cationic types can also comprise slightly network crosslinked anionic and nonionic 
base polymers to which cationic functional groups are covalently attached. Examples of suitable 
base polymers include polyacrylamide, poiy(meth)acrylic acid, polyvinyl alcohol, ethylene 
maleic anhydride copolymer, isobutylene maleic anhydrode copolymers, polyvinylether, 
polyvinylsulfonic acid, polyvinylpyrrolidpone, and polyvinylmorpholine, . and hydrolized 
acrylonitrile grafted starch. Cationic types can- also comprise polyethylenimine and its 
derivatives (e.g, alkyl derivatives). Cationic types can also comprise polysaccharide-based 
polyelectrolytes such as aminoethyl starch, aminoethyl cellulose, dimethylaminoethyl starch, 
dimethylaminoethyl cellulose, trimethylammoniumethyl hydroxide starch, 
trimethylammoniumethyl hydroxide cellulose and the like and the polyamino acid based 
polyelectrolytes such as polyserine, polylysine and the like as well as other polyelectrolytes that 
are not prepared from polymerizable, unsaturated monomers. See, for example, PCT 
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Publication No. WO 96/15154. published May 23. 1996 by Fomasari et al., which is 
incorporated herein by reference. 

Some non-base monomers can also be included, usually in minor amounts, in preparing 
the hydrogel-forming absorbent polymers herein. 

While the cationic hydrogel-forming absorbent polymer is preferably of one type (i e 
homogeneous), mixtures of cationic polymers can also be used in the present invention. 

When used by itself for absorbency applications, cationic hydrogel-forming absorbent 
polymers Stan off from about 50 to about 95% neutralized. When used as part of a mixed-bed 
■on-exchange composition, the cationic hydrogel-forming absorbent polymer starts off from 
about 50% to about .00%. preferably about 80% to about 100%, more preferably from about 
90% ,o about 100%. in the un-neutralized base form. When used as part of a mixed-bed ion- 
exchange composition, the cationic ion-exchange hydrogel-forming absorbent polymer is at 
least partially convened to its neutralized form as a result of the salt-lowering ion-exchange 
process. The resultant cationic polymer is preferably at least 50%. more preferably at least 75% 
even more preferably at least 90% convened to its neutralized form as a result of ion exchange. ' 

In order to maximize the ion-exchange capacity of the mixed-bed ion-exchange hydrogel- 
forming polymer composition, it is desirable that the cationic hydrogel-forming polymer have a 
high per-gram anion-exchange capacity. Thus it is preferred that the anion-exchange capacity of 
the cationic hydrogel-forming polymer is at least about 4 meq/g. more preferably at least about 6 
meq/g, even more preferably at least about 10 meq/g, even more preferably at least about 15 
meq/g, most preferably at least about 20 meq/g. 

(2). Anionic Polymers 

Hydrogel-forming absorbent polymers useful as the anionic polymers) typically have a 
multiplicity of anionic, functional groups, such as sulfonic acid, and more typically carboxy, 
groups. Examples of polymers suitable for use herein include those which are prepared from 
polymerizable, unsaturated, acid-containing monomers. Thus, such monomers include the 
olefinically unsaturated acids and anhydrides that contain at least one carbon to carbon olefinic 
double bond. More specifically, these monomers can be selected from olefinically unsaturated 
carboxylic acids and acid anhydrides, olefinically unsaturated sulfonic acids, and mixtures 
thereof. The anionic types can also comprise polysaccharide-based polyelectrolytes such as 
carboxymethy! starch and carboxymethyl cellulose and polyamino acid based polyelectrolytes 
such as polyaspartic acid as well as other pol> electrolytes that are not prepared from 
polymerizable, unsaturated monomers. For a desenpnon of polyamino acid hydrogel-forming 
polymers, see, for example, U.S. Patent 5.247.068. .ssucd September 21, 1993 to Donachy et al.. 
which is incorporated herein by reference. 
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Some non-acd monomers can also be included, usually in minor amounts, in pr e p arine 
the an.on.c hydrogel-forming absorbent polymers herein. Such non-acid monomers can include 
for example, the water-soluble or water-dispersib.e esters of the acid-containin C monomers as 
well as monomers that contain no carboxy.ic or sulfonic acid groups at all. Opuona! non-acid 
monomers can thus include monomers containing the following types of funct.ona, groups- 
carboxy.ic acid or sulfonic acid esters, hydroxy, groups, amide-groups, amino groups nitrile 
groups, quaternary ammonium sal, groups, ary. groups (e.g., pheny. groups, such as those 
denved from styrene monomer), and dienes such as butadiene and isoprene. These non-acid 
monomers are we..-known materials and are descHbed jn ^ ^ ^ 

Patent 4.076,663 (Masuda et a.), issued February 28, 1978 . and in UiS . 

(Westerns), issued December 13, .977, both of which are incorporated bv reference ' ' 

Olefimcal.y unsaturated carboxy.ic acid and carboxy.ic acid anhydride monomers include 

the acryhc acds typified by acrv.ic acid itse.f, methacry.ic acid, ethacry.ic acid, a-ch.oroacry.ic 
acd a-cyanoacry.ic acid. (3-methy.acry.ic acid (crotonic acid), a-pheny.acry.ic acid G- 
acry.oxypropionic acid, sorbic acid, a-ch.orosorbic acid, ange.ic acid, cinnamic acid' P 
c lorocnnam.c acid, ^sterylacry.ic acid, itaconic acid, citroconic acid, mesaconic add 
g.utacon.c acid, aconitic acid, ma.eic acid, fumaric acid, tricarboxyethy.ene and ma.eic acid 
anhydride. 

OlefinicaMy unsaturated sulfonic acid monomers include aliphatic or- aromatic vinyl 
su.fomc acds such as viny.su.fonic acid, ally, sulfonic acid, vinyl to.uene sulfonic acid and 
styrene sulfonic acid; acrylic and methacrylic sulfonic acid such as sulfoethy. acry.ate 
su.foethyl me.hacry.ate, su.fopropy. acry.ate, su.fopropy. methacrv.ate, 2-hydrox y -3- 
methacryloxypropyl sulfonic acid and 2-acry.amide-2-methy. P ropane sulfonic acid 

Preferred anionic hydrogel-forming absorbent po.ymers for use contain carboxy groups 
These polymers inc.ude hydro.yzed starch-acry.onitri.e graft copo.ymers, P ania..y neutra.ized 
hydro.yzed starch-acrylonitri.e graft copo.ymers. starch-acrylic acid graft copo.ymers, P ania,.v 
neurrahzed starch-acrylic acid graft copo.ymers. saponified vinyl acetate-acrylic este'r 
copolymers, hydro.yzed acry.onitri.e or acry.amide copo.ymers, slightly network cross.inked 
polymers of any of the foregoing copo.ymers, po.yacry.ic acid, and s.ight.y network crosslinked 
polymers of po.yacry.ic acid. These po.ymers can be used either solely or in the form of a 
mature of two or more different po.ymers. Examp.es of these polymer materia* are disc.osed 
>n U patent 3,661,875, U.S. Patent 4,076.663. U.S. Patent 4.093,776, U.S. Patent 4,666 983 
and U.S. Patent 4,734,478. 

Most preferred po.ymer materials for use in making the anionic hydroge.-forming 
absorbent po.ymers are s.ight.y network cross.inked po.ymers of po.yacry.ic acids and starch 
denvanves thereof. Network cross.inking renders the po.ymer substantia.* water-inso.ub.e 
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and, in part, determines the absorptive capacity and extractable polymer content characteristics 
of the hydrogel-forming absorbent polymers. Processes for network crosslinking these polymers 
and typical network crosslinking agents are described in greater detail in U.S. Patent 4,076,663. 

While the anionic hydrogel-forming absorbent polymer is preferably of one type (i.e., 
homogeneous), mixtures of anionic polymers can also be used in the present invention. For 
example, mixtures of starch-acrylic acid graft copolymers and slightly network crosslinked 
polymers of poiyacrylic acid can be used in the present invention. 

When used by itself for absorbency applications, anionic hydrogel-forming absorbent 
polymers start off from about 50 to about 95%, preferably about 75% neutralized. Thus the 
preferred slightly network crosslinked poiyacrylic acid hydrogel forming polymer is preferably 
-25% in the un-neutraiized acrylic acid form and about 75% in the neutralized acrylate (e.g, 
sodium acrylate) form. When used as part of a mixed-bed ion-exchange composition, the 
anionic hydrogel-forming absorbent polymer starts off from about 50% to about 100%, 
preferably about 80% to about 100%, more preferably from about 90% to about 100% in the 
un-neutra!ized acid form. Thus, the slightly network crosslinked poiyacrylic acid hydrogel 
forming polymer most preferably starts off from about 90% to about 100% in the un-neutralized 
acrylic acid form. When used as part of a mixed-bed ion-exchange composition, the anionic 
ion-exchange hydrogel-forming -absorbent polymer is at least partially converted to its 
neutralized form as a result of ion exchange. The resultant anionic polymer is preferably at least 
50%, more preferably at least 75%, even more preferably at least 90% converted to its 
neutralized form as a result of ion exchange. 

In order to maximize the ion-exchange capacity of the mixed-bed ion-exchange hydrogel- 
forming polymer composition, it is desirable that the anionic cation-exchange hydrogel-forming 
polymer has a high per-gram cation-exchange capacity. Thus it is preferred that the cation- 
exchange capacity of the anionic ion-exchange hydrogel-forming polymer is at least about 4 
meq/g, more preferably at least about 8 meq/g, even more preferably at least about 10 meq/g, 
most preferably at least about 13 meq/g. 

(3). Composition and Common Material Properties 

In order to maximize the ion-exchange capacity of the mixed-bed ion-exchange 
hydrogel-forming polymer composition, it is desirable that the mixed-bed composition comprise 
approximately equal equivalents of anion-exchange and cation-exchange capacity. However, it 
may be desirable to have somewhat more equivalents of anionic or cationic ion-exchange 
hydrogel-forming polymer e.g., to compensate for differences in pK, to compensate for 
differences in neutralization, to alter the pH of (for example to acidify) the ion-exchanged urine, 
etc. The approximate mixed-bed ion-exchange capacity of. the mixed-bed ion-exchange 
hvdropel-forming polymer composition can be calculated from the relative weights and ion- 
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exchange capacities of the constituent anionic and ca.ionic ion-exchange hvdrogel-forming 
polymers. Thus, for example, an ion-exchange composition comprising approximately equal 
equ.valen.s of a strong acid anionic hydrogel-forming polymer having an cation-exchange 
capacity of about 4.8 meq/g and a strong base canonic hydrogel-forming polymer having an 
amon-exchange capacity of about 7.0 meq/g would comprise approximately 0.65 pans of the 
anionic hydrogel-forming polymer and about 0.35 parts of the cationic hydrogel-forming 
polymer with a mixed-bed ion-exchange capacity of about 3.1 meq/g. I, is preferred that the 
mixed-bed ion-exchange capacity of the mixed-bed hydrogel-forming polymer composition is at 
least about 2 meq/g. more preferably at least about 4 meq/g. even more preferably at least about 
6 meq/g, most preferably at least about 7 meq/g. 

The cationic and anionic hydrogel-fom intf absorbent polymers useful in the present 
invention, in neutralized form, each preferably have relatively high values for PUP. SFC and 
PHL. The PUP capacity at 0.7 psi at 60 minutes is preferably at least about 23 e/g more 
preferably at least about 25 g/g, most preferably at least about 30 g/g. The SFC Jalue is 
preferably at least about 30 x 10-7 c m 3 S ec/g. more preferably at least about 50 x I0"? 
cm sec/g, most preferably at least about 100 x 10-7 cnAec/g. The PHL value is preferably at 
least about 0.15. more preferable at least about 0.20. most preferably at least about 0.25. 

In the mixed-bed hydrogel-forming polymer composition, th*. hydrogel-forming 
polymer of one type can have a higher crosslink density than the hydrogel-forming polymer of 
the other type in order to, e.g., advantageously impact the gel properties (e.g, v PUP. SFC. PHL) 
of the mixture. 

The cationic and anionic hydrogel-forming absorbent polymers useful in. the present 
invention each can have a size, shape and/or morphology varying over a wide -range. These 
polymers can be in the form of particles that do no. have a large ratio of greatest dimension to 
smallest dimension (e.g., granules, pulverulents. inierparticle aggregates, interparticle 
crosshnked aggregates, and the like) and can be ,„ the form of fibers, sheets, films, foams, flakes 
and the like. The hydrogel-forming absorbent polymers can also comprise mixtures with low 
levels of one or more additives, such as for example powdered silica, surfactants, glue, binders, 
and the like. The components in this mixture can be physically and/or chemically associated in 
a form such that the hydrogel-forming.. poKmcr component and the non^ydrogel-forming 
polymer additive are not readily physically separable. 

The hydrogel-forming absorbent poUmcrs can be essentially non-porous (i.e., no 
internal porosity) or have substantial internal pon»sit> 

For panicles as described above, pan.de sue defined as the dimension determined by 
s.eve size analysis. Thus, for example, a pan.de that ,s retained on a U.S.A. Standard Testing 
S.eve with 710 micron openings (e.g., No. ;< I S. Series Alternate Sieve Designation) is 



WO 98/37149 



PCT/US9S/025I7 



18 



considered to have a s.ze greater than 710 microns- a nart.vi. ,u 

7ln mirron „ • , ■ ™crons. a part.cle that passes through a sieve with 

710 m.cron open.ngs and ,s retained on a sieve with 500 mirr. 

c • a i micron openings (e.g.. No 35 U S 

Ser.es Alternate Sieve Designation) is considered ,o have a naniH ,! 
„• ■ ° nave a Panicle size between 500 and 7 If) 

m.crons; and a particle that passes through a sieve with snn • 

. 6 d sieve w "n 500 micron open nes is corKiirW^ri 

have a size less than 500 microns The m*« m .,r • , P g considered to 

fnm . . k , m ' Cr0nS - Themassm ed.an part.cle size of a given sample of hydrogel- 
forming absorbent polymer particles is defined as .h^n^- i * . F "yarogei 

... 'saenned as the part.cle s.ze that d.vides the sample in half 

on a mass basis. ..e., one-half of the sample bv weicht will h •■ ■ 

. P ' e - We 'S ht Wl " have a part.cle s.ze less than the mass 

m d ia s on ,ha,f of the sample wi„ have . panjc]e _ ^ ^ ^ 

s.ze A standard particle-size plotting method (wherein the cumu.ative- weigh, percent of the 

part.cle sample retained on or passed through a ei ven sieve sire « • • f 
• s s n Sleve size opening is plotted versus sieve 

size opening on probability paper) is fvoicallv i,c»h h„, • 

the 50V ™« I , P ' ,s ^"""y «ed «<> determ.ne mass median particle size when 

The I TT COrTeSP ° nd t0 SiZC ° Penine ° f 3 U - S - A - Testin, Sieve 

These metho s for determining panic ,e s.zes of the hydroge.-fonming absorbent po^ 

pa .cles are further described in U.S. Patent 5.0 6 ,. 25 o (Goldman e , al)> jssued ^ 
- which is incorporated by reference. 

For particles of hydrogel.forming absorbent polymers „ seful in Ine 
he part.cles w,„ generally „„ g e m si2e ffom ^ , „ ^ ' ° ■ 

rom a^u, 20 ,o abou, ,000 microns. Tbe mass median panie.e size wil, g e„e, a |, b 2 
about 2 „ 10 about , 5 oo microns, more preferab|y ff0m abou , 50 microns a ^ • q J J 

and even more preferably from .bout 100 lo a bou, 800 microns 

Within these si 2 e ranges, i, can be preferable ,„ choose either larger or smal ,e r parIicles 
depen ,n 6 on t he need for faster or siower absorption tinetics. For example, for non-poro 
par,,c,=s ,he swelling ratt will ge n e ra „ y decrease w ilh increasing panicle L. I, ca „ ZZ 
p efera ■= ,o choose either larger or smaUe, partides or narrower size cu, s (fracions, of largcr 

o sma, er part.cles from the bult polymer in order to increase the porosity (i ,„ inLse I 
PHL v a , , „ e ,„ e gd |ayer pmaMiv e , ncrease ^ ^ 

olr ' mPr0V : WiCki " E Pr ° Peni "' F " PanidCS ° f "—forming 

- en. Polymers „ „ as been found tha, narrower si 2 e range cuts containing ge„ era „ y Iarge 

pantcl. s, 2 es wtthm tbe above specified si2 e ra „ g es have higher SFC values without anv 
stgntfican, degradation in other hydrogel-fonning absorbent polymer properties such as PHL 
Performance Under Pressure (PUP) capacity and level of cxtractable polymer. Thus, for 

5 to abou, 7,0 mlcrons wherein only m i„ im a, mass fractions of the particulates have si 2 es 
Cher greater than about 7,0 microns or less than about 500 microns. Alternatively, a broader 
st 2 e cut wherein the particles generally have a s i« i„ ,h. , r 

ah „,„ »„„ • y e a the ran e= »f from about 300 microns to 

about 800 microns can be useful. 
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w„„,„ lhesc si2e range , it can be d „ irab|e , o choose pan . dEs 

capab,e of ««, » . f„, er sweMmg of , h£ Mroge , fomi . ng P J 

Interna, poros.ty wi,„i„ the hydrogeLforming polymer panic, can also comribu , e ,„ J* 
value of the resultant hydroge, layer. Changes in this component „f the 10 , al PHL va|ue ^ 
have . smaMer impact on some fluid-nandhng proper , ies dep5ndcn , „„ p(JL 
changes in the component of ,he PHL value arising f r „ m voids D e We e„ swoltn J£ 
forming polymer panicles in the hydrogel layer. 

MiXed - bed hydrogel-foming p„,ymer compositions in high-concentration 

pan.c es and accelerate the rate of ion exchange. Thus i, is desire IO nave pam ,, 
morpholog.es su „ able f „ promo , jng fas , ion . es£hange P 

htgh-surface-are, fib „s and mixed-bed aggregates of high-surface-are, (e g 1 

hydrogel-formmg polymer ,h„ con-in within smaHer discontinuous domains of e g the 
^ 00 panicle, ,ha, con,ai„ ^ domajns *JJ 

an.on.c and clonic hydrogeUformtng po lym ers a „ d panicics of e . g .. ,„ t ^ ' 
ormmg pcW ,ha, is covered or c„a,.d with a surface layer of e.g.. the ca ,io„ ic hydrc l. 
foj,ng poivme, Addition., desirabie "rate- properties of ,he mixed-bed i„,exch.„ge 
hydrogel-form.ng poiymer composition can include , very-high free sw.,1 ra,e and a very-fas, 
rate of absorption under PUP-measuremem conditions and pressures. 

Certain types of shape, aggregates, layered structures, micro-domain structures, etc may 
be advantageous fo, reducing extremes of P H when combinations of strong and we, k ion 
exchange hyd,oge,.f„rmin 6 polymers are used. Thus, for ex»m P ,e, a iayered or micro-domain 
tructure wherem a s.rong-base anion-exchange hydrogel-forming polmer is complete,, 

osed by a wea k .,cid cation-exchange h y droge,.formi„g poiymer can insure „pi 
neu„al 12 a„on and thus limit the diffusion of fre e OH - to the outside of the panicle. 

b - Physical Prnp ^rtiVc 

0)- Performance Under Pressure (PT IP) 

An essential characteristic of the mixed-bed ion-exchange hydrogei-forming absorbent 
PC ymers useful ,„ the present invention is their demand absorbency capacity under a high 
firnng pressure. This demand-absorbency capacity is defined in terms of the mixed-bed ion 

he abXr;;::' 5 perf °: ance under p — <™> « ^ caPacity measures 

ab,hry of a high bas.s weight zone or ,ayer of the mixed-bed of hydrogel-forming absorbent 
polymers to absorb body fluids under usage pressures In on. , \ 
relate, ,n ,t, r • , , pressures. In one aspect, the present invention 

relates to the use of a mixed-bed of hvHm^i f„,™;„„ i 

OI "ydrogel-form.ng polymers that exhibits improved 
aosorbency of a urine e ectrolvte solution ™~ j -. L 

oiyie solution compared w lt h a comparable mixture of the canonic 
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and anionic polymers when each is used in its neutralized for™. Preferably, the mixed-bed of 
hydrogel-forming polymers will exhibit improved PUP capacity relative to the comparable 
mixture of the constituent un-neutralized polymers when PUP is measured under a confining 
pressure of at least about 0.3 psL preferably 0.7 psi, and more preferably 1.4 psi It is preferred 
that the relatively high PUP capacity values be attained within a time period that is less than 
preferably significantly less than the time of use (e.g., overnight) of articies comprising the 
m.xed-bed ion-exchange compositions. In this regard, the mixed-bed of hydrogel-forming 
polymers will exhibit improved absorbency when PUP capacity is measured for a period of "5 
minutes, preferably for a period of 60 minutes, more preferably for a period of 5 minutes The 
improved mixed-bed of hydrogel-forming polymer ion-exchange composition of the present 
.nvent.cn will be capable of absorbing at least about 20%. preferably at leas, about 50% more 
preferably a. least about 100%, more synthetic urine than a comparable mixture of the 
const.tuent anionic and cationic hydrogel-forming polymers, each in their neutralized forms 
Preferably, the improved mixed-bed of hydrogel-forming polymer ion-exchange composition of 
the present invention will be capable of absorbing at least about 20%. preferably at least about 
50%. more preferably at least about 100%, more synthetic urine than either of the constituent 
anionic or cationic hydrogel-forming polymers in its neutralized form. 

In another aspect, the present invention relates to a mixed-bed' -fan-exchange hydrogel- 
forming polymer composition having a PUP capacity after 225 minutes (preferably after 60 
minutes) under a confining pressure of 0.7 psi of at least 25 g/g, more preferably at least 40 g/g 
and even more preferably at least 50 g/g. Preferably, the PUP absorption capacity of the' 
nuxed-bed ion-exchange hydrogel-forming polymer composition after 225 minutes (preferably 
after 60 minutes) under a confining pressure of 1 .4 psi is at least 20 g/g, more preferably at least 
30 g/g, and even more preferably at least 40 g/g. Typically, the PUP absorption capacity after 
225 minutes (preferably after 60 minutes) under a confining pressure of 0.3 psi for the mixed- 
bed ion-exchange hydrogel-forming polymer composition is at least 30 g/g, more preferably at 
least 45 g/g, and even more preferably at least 60 g/g. When the hydrogel-forming absorbent 
polymers are incorporated into an absorbent member at high concentrations, the polymers need 
to be capable of absorbing large quantities of body fluids in a reasonable time period under 
usage pressures. Otherwise, the absorbent member will be less effective at absorbing fluid, e.g., 
by partitioning fluid from acquisition components that provide temporary holding capacity for 
this fluid. When this occurs, it is believed that the absorbent core is left with insufficient 
temporary holding capacity to contain subsequent gushes of body fluid and can leak 
prematurely. Also, to be able to deliver a high storage capacity from an absorbent core of 
m.mmal weight and thickness, the mixed-bed of hydrogel-forming absorbent polymers needs to 
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have a relatively high PUP capacity. Relatively hich PUP r a „ a • l , 

, JJ e - nign PUP "Pacity hydrogel-forming polvmers 

are also needed to provide economical absorbent cores. 

mecha PreSSUrCS " ^ absorbent polymers indude both 

nnechan, a, pressures (e.g., exerted by the weight and motions of the use, taping forces etc 
and capillary pressures (e.g., resuming from the ac quis ition components) in the absorbent cor 
tha temporary ho ,d fl uid before it is absorbed by the hydrogel-forming absorbent P oJ r t 
, beheved that a tota. pressure of about 0.7 psi (5 kPa) is re n e ctive of the sum'of these 
pressures on the mixed-bed of hydroge i-forming absorbent polymers as it absorbs bodv fluids 
under usage con .fons. However, both higher and lower pressures (e.g., .„ the range of about 

b T IT* ' ^ 0 3,50 ^ eXenenCed ^ ^ h ^^e.-formig absorbent p vmer 
abs rbs body Hu.ds under usage conditions. Thus it is desirable that the mi ed-bed 
-change hydroge,- orming polymers of the present invention have a h.gh PUP capacity 
thepressoreranEeofaboutO.3psiloaboutl.4psi. 

For mixed-bed ion-exchange hydrogel-forming polymers, the rate of PUP absorption 
can e .mpacted b y the r„e ofion-exchange xinetics. ,„ , PUP experiment, this can soteZ 

hyd ogei-formmg powers, where the hydrogel-form powers are in-their „eu,r. li2 ed form, 

tomc hydroje, polymers are approximately the same. As , resuh, i, ean be reasonable to 
allow a somewhat longer period of ,,me for PUP absorption than the 60 minutes used in the PUP 
measurement described in e.g.. U.S. Patent 5.562.646 (Goldman et. „., issued October 8 ,996 

A reasonable period of time for a mivprf • i_ , . 

m.xed-bed .on-exchange hydrogel-forming polymer 
compos.t.on can be as ,on g as about 22S minutes. Thus it is desirable that the mixed-bed ion- 
exchange hydrogel-forming pcymer compositions of the present invention have a high PUP 
capacity for a measurement time of about ->">5 mimnpc r,r»r„„ki r 

. , . 1 — 5 minut «- preferably for a measurement time of 

about 60 minutes, even more preferably for a measurement time of about 5 minutes 

A method for determining the PUP capacity value of these hydrogel-forming absorbent 
polymers is provided hereafter in the Test Method Section. 

(2) Porosity of Hydrogel 7nn» ^ f rrr 

M " characteristic of the mixed-bed ion-exchange hydrogel-forming 

sorbent polymers uscfu, in the present inv^on is , h e „ penness or p o, osity of the hydroge 
zone or layer formed when the polymers are ;„ u^a n 

, f • . ,. . L V y S are svvollcn "i body fluids under a confining pressure. 

It is believed that when the hvdrno»i r - L , 

. . nydrogel-rormmg absorbent polymers are present at high 

concentrations in an absorbent member and then swell to fn m * u a i j 
. . na Inen sweM 10 form a hydrogel under usage pressures 

the boundaries of the hydrogel com^ : . pressures, 

y 8 COme lnt0 contact, and interstitial voids in this high- 
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concentration region become generally bounded by hydrogel. When this occurs, it is believed 
the openness or porosity properties of this region are generally reflective of the porosity of the 
hydrogel zone or layer formed from the hydrogel-fonning absorbent polymer alone. As used 
herein, the term "porosity" means the fractional volume (dimension-less) that is not occupied by 
sohd material. See j. M. Coulson et. al.. Chemical Engineering Vol. 2, 3rd Edition, Pergamon 
Press. 1978, P126. For a hydrogel zone or layer formed entirely from a hydrogel-forming 
absorbent polymer, porosity is the fractional volume of the zone/layer that is not occupied bv 
hydrogel. For a region of an absorbent member containing the hydrogel. as well as other 
components, porosity is the fractional volume of the region (also referred to as void volume that 
includes the interstitial volume between swollen hydrogel-forming polymer plus any volume 
within swollen hydrogel-forming polymer (i.e.. internal porosity)) that is not occupied by the 
hydrogel, or other solid components (e.g.. fibers). Porosity of an absorbent region is equal to the 
ratio of the void volume within the region to the total volume of the region. 

Porosity is defined herein in terms of the Porosity of Hydrogel Layer (PHL) value of the 
hydrogel-forming absorbent polymer. PHL measures the ability of the formed hydrogel zone or 
layer to remain open so as to be able to acquire and distribute body fluids under usage pressures 
It is further believed that increasing the porosity of these swollen high-concentration regions to 
h.gher levels can provide superior absorption and fluid handling properties for the absorbent 
member and absorbent core, thus decreasing incidents of leakage, especially at high fluid 
loadings. Desirably the per gram void volume contained by voids within the hydrogel zone or 
layer approaches or even exceeds the per gram void volume contained within conventional 
acquisition/distribution materials such as *ood-pulp fluff. (Higher PHL values are also 
reflective of the ability of the formed hydrogel to acquire body fluids- under normal usage 
conditions.) 

Porosity of the hydrogel zone or layer is also important because of its impact on the 
demand wettability or gravimetric absorbent capacity (i.e.. PUP capacity). Generally, the 
additional void volume generated by a higher porosity under a confining pressure directly 
contributes to a higher value for PUP capacity It can also contribute to a higher PUP capacity 
through its impact on the chemical composit.on of the fluid contained in the voids within the 
hydrogel layer. Thus, for example, an increase in *oid volume within the hydrogel laver can 
reduce the concentration of salts (i.e., by dilution ». including simple salts originating from body 
fluids and/or the hydrogel-forming absorbent nol>mer. as well as polymeric salts (e.g.. 
extractable polymer) originating from the h>dr«^el- forming polymer) that tend to be excluded 
from the swollen hydrogel-forming absorbent nolsmer and concentrated in voids within the 
hydrogel zone or layer. Salts concentrated u.ihin these voids can depress the swelling of the 
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h^roge.-forming absorbent polymer and thus reduce PUP capacity. Increased porosiry can 
reduce the concentration of these excluded salts and thus increase PUP capacity 

The porosiry of the hydroge. 20ne 0 r .ayer is also important because of its impact on 
permeabH.ty (,,., SFC va.ues) of the hydrogel zone/layer. Higher porosity is an importl 
contr-butor to higher permeability, Converse,, a hydroge, 2 one or ,ayer with a re.ative y J 
porosiry is less likely to have very high permeability. 

The porosity of .he hydroge, zone or layer can a |so be import, as a resui, of ils impac , 
on w,c k ,„ g properties. The h.gh specific surface area retired for . hydr„ S e, layer or zone 
capabie of good wicking properties (e.g.. kicking fluid to a high heigh,. par,i,i 0 „,„g fi 0ld awav 
from a cofaca, acqu.si.ion layer, etc, is desirably accompanied by a high porosity so as ,„ 
artarrrorrmaintain an acceptably fast wicking rate. 

The porosiry of the hydroge, zone o, layer can also be important as a rest,,, of its impac, 
on swe,„„g.ra,e properties. The high surface area (e.g.. interna, surface area, reared fo a 
unconstrained hydrogei-forming absorben, polymer ,o swei, rapidiy in body fluid is desirab 
ccompan.ed y a high porosiry (including imemal ^ f „ ^ > 
hav,„g m.erna, surface are,, ,„ ,he hydroge, zone or layer formed .herefrom under a conflning 
pressure. Destrably as a result of this higher porosiry, the swelling r „e rea , i2 e d „„„„ a 
confintng pressure for the hydrogei-forming polymers within the hydrogel layer approaches the 
sv.eli.ng rate realized for the hydrogei-forming absorben, polymer when i, swells unconstrained 
m an excess of body fluid. 

The increased osmotic driving force for swelling of a mixed-bed ion-exchange 
hydroge -formmg po.ymer can a.so be used to increase PHL va.ue. Thus, for examp.e the 
crossing ,eve,, preferab.y the surface cross.inking ,eve, of the constituent anionic and/or 
cat.on.c hydroge.-forming po.ymers in a mixed-bed ion-exchange hydroge.-forming po.ymer 
composuton can be increased sufficient such that the PUP capacity of the mixed-bed 
composmon remains about equa, to a comparab.e mixture of the anionic and cationic hydroge,- 
formmg po.ymers, in their neutralized forms, where the level of crosslinking has not been 
mcreased. For examp.e, as a result of the increase in crosslinking, the mixed-bed ion-exchange 
ydrogeNforming polyrner compos , ion can have ^ approxjmately ^ ^ p ^ ^ 

h.gher PHL va.ue than the comparab.e mixture of the anionic and cationic hydrogei-forming 
polymers, ,n their neutra.ized forms, where the level of crosslinking has not been increased 

The PHL value of the mixed-bed ion-exchange hydrogei-forming absorbent po.ymers 
use u, lhe inventjon . s preferab|y , ncreased ^ ^ ^ abou{ 

^ about 0,, re.ative to a comparab.e mixture of the constituent anionic and cationic 
hydroge.-form.ng po.ymers in their neutra.ized forms where the cross.inking .eve.s are such that 
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the neutralized mixture h ac o di id u -» 

has a PUP absorption capac.ty (0.7 psi, 225 minutes elapsed time) 

approximately equal , 0 that of the ion-exchange mixture. ' 

Mixed-bed ion-exchange hydrogel- forming absorbent polymers useful in the present 
™ pre erably have PHL values of at least about 0,5. more preferably at .east about 0 
«.H more preferably at least about 0.20 and most preferably at least about 0 25 A method f ' 
determining the PHL value of these hydroge.-forming absorbent po.ymers 'is provided er aft! 
in the Test Method Section. nerearter 

(3) Saline Flo w Conrinr-tivirv fSFC) 

Ano.her imponan, eharac.eris.ic of , h e mixed . be(f ion-exchange nvdrogel . foro ,,. 
absorben, polymers useful ,„ , he preseM invmio „ „ , hejr pemeab ^ ^ ™mg 

when swdlen wi,h bod y „„ ids s0 M 10 tonn . ^ _ ^ |ayer ^ 
o„duc„v,.y ,s d,n„ed herein ,„ , eras of , he SaIiM F , ow Conduct ~ 

ydr o 8 e,. fo ™,„ e >bsorbent po , vmer , SFC raeisures ihs of the ^< hv ro ^ ; 

ayer .o .ranspon or.dis,ribu,e body „ uids under usage pressor „ „ . ^ * ™ « 

hydroge.-formmg P*m« is P rese„, a, high concen.ra.ions in an absorben, 

«. *« sw=„s ,o form a hy dr o g e, „„ de r „ sage itJ ?t ^ - t 

ropen.es are generally ,e„ec,ive of lhe penneabmv „ „ ow conduci . ^ 

lr 8 H T7 r t Iay " f< "° ed ^ *-t« Powers a,„„e. „ is 

unher bel,eve d .ha, increasing , he pemieabi|ily of hig „. concemraljon ^ 

.ha approach or even exceed eonven.iona, acouisi.ioa/dis.ribu.ion malerials . such „ wood 

re. ,hus d ecreas,„ g me.d.n.s of leakage, especially at h ig h f,„id lo a d i„ g , (Higher SFC values 
so are reflecve of ,he abiii* of ,he forme. hydroge, t0 acouire body „ uids m ^ ^ 

usage conditions.) 

-The increased osmo.ic driving force for sweHing of a mix=d-be d ion-exchange 
hydroge -formmg poiymer can also be used ,„ increase SFC value. Thus, for example. ,he 

rossl,„ k ,„ g ^preferably .he surface Crosslin, ,eve,, of ,he cons.i.uen, anionic ,„d,or 
ca,,on,c hvdrogeI.forn.ing polymers in a mixe d -be d ion-excha„ g e hydroge.-forming polymer 
com P os,„on can be increased sufficien. such ,ha, ,he PUP capachy of ,he mixed-bed 

ompos.non remains abou. eoua, ,„ a comparable mix.„re of .he anionic and ca.io„ic hydrog.i. 
formmg polymers, in .heir neu,ra,i 2 ed forms, where ,he ieve, of crossimking has „ bee „ 
ncrease . For example, as a resul, of .he increase in crossing. ,he mixed-bed ion-exchange 
hydrogeLformmg composi.ion can have an approxima.ely eo.ua! PUP vaiue, bu, , higher SFC 
value man .he comparable mix.ure of ,he anionic ,„d cionic. hydr. 8 e,.formi„g poiymers in 
.he,r n.u,ral, Z ed f or m s . where ,he level of crosslink^ has no. been increased 
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The SFC value of the mixed-bed ion-exchange hydrogel-forming absorbent polymers 
useful ,„ the present invention is preferably increased by at least about 50%. more preferably a. 
least about 100% relative «o a comparable mixture of the constituent anionic and cationic 
hydrogel-formmg polymers in their neutralized forms where the crosslinking levels are such that 
the neutralized mixture has a PUP absorption capacity (0.7 psi, 225 minutes elapsed time) 
approximately equal to that of the ion-exchange mixture. 

The SFC va.ue of the mixed-bed ion-exchange hydrogel-forming absorbent polvmers 
useful ,n the present invention is preferably at least about 30 x 10-7 cm 3 sec/g more ' 
at least about 100 x 10-7 cm 3 S ec/ g . and most preferably at least about 300 x I 0"? cm3 S ec/g A 
method for determining the SFC va.ue of these hydroge.- forming absorbent polvmers is 
provided hereafter in the Test Method Section. 



( 4 ) Extractable Poivnw 



Another .mponant characteristic of anionic and cationic ion-exchange hvdroge.-forming 
absorbent polymers usefu. in the present invention is the leve. of extractable polymer materia, 
present there.n after neutra.ization. See U.S. Patent 4.654,039 (Brandt et a.), issued March 31 
>987 (reissued Apri. .9, 1988 as Re. 32.649). Many hydroge.-fcrming absorbent powers' 
contam significant .eve.s of extractab.e po.ymer materia.. This extractable polymer materia, can 
be leached out from the resultant hydroge, by body fluids (e.g., urine) during the time period 
such body flu.ds remain in contact with the hydrogel-forming absorbent polymer: h is believed 
such extracted po.ymer material can alter both the chemical characteristics (e.g.. osmo.arirv) and 
Phys,ca. characteristics (e.g., viscosity) of the body fluid to such an extent that the fluid is' more 
slowly absorbed and more poor.y held by the hydrogel. This polymer-contaminated fluid is a.so 
more poor.y transported through the absorbent member. Such a situation can contribute to 
undestrable and premature leakage of body fluid from the absorbent article. Thus it is desirable 
to use hydrogel-forming absorbent polymers with lower levels of extractable polymer material 

The .mportance of not adversely impacting the effective absorption/retention of body 
nu,ds by the swollen hydrogel-forming absorbent polymer, or the faci.e transport of bodv fluids 
through regions of the absorbent member containing the swollen po.ymer, is believed to be 
pamcularly true a,: (a) the quantity of po.ymer in the absorbent member is increased- (b) the 
quanft.es of other absorbent components (e.g.. fibers) are decreased; and/or (c) the .oca.ized 
concentration of po.ymer in the absorbent member is increased. Thus, for example it is 
beheved that at higher .oca.ized concentrations of hydroge.-forming absorbent po.ymer 'in the 
absorbent member, there is a smaHer vo.ume of fluid within the interstitia. regions (i.e., outside 
the hydroge.) to dilute the extractab.e po , yrner materiaI , thus tendjng tQ . $ 

concentration in these interstitia. regions. This exacerbates the effect of the extractable polymer 
on the absorbed body fluids within these interstitial regions. 
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The adverse impact of higher levels of extractable polymer on the absorption/retention 
of fluid by the hydrogel-forming absorbent polymer and the transport of fluid through the 
interstitial regions within the resultant hydrogel zone or layer is also discernible in terms of PUP 
capacity and SFC values. Thus, for example, it is not unusual for hydrogel-forming absorbent 
polymers having higher levels of extractable polymer material to have a PUP capacity value that 
decreases over time (e.g., is lower at 225 minutes versus 60 minutes). This decrease in 
absorption/retention of fluid over time is believed to be, at least in pan, a consequence of higher 
levels of extractable polymer being present to alter the chemical properties of the interstitial 
fluid. It is also not unusual for a hydrogel-forming absorbent polymer having higher levels of 
extractable polymer material to have a SFC value that is initially lower and then increases over 
time to a greater extent than a comparable hydrogel-forming absorbent polymer having a lower 
level of extractable polymer. A lower initial SFC value for the higher extractable-polymer 
material is believed to result, at least in part, from a higher initial viscosity for interstitial fluid. 

Accordingly, for anionic and cationic ion-exchange hydrogel-forming absorbent 
polymers useful in the present invention, it is preferred that the level of extractable polymer 
after neutralization to about 75% be about 15% or less, more preferably about 10% or less, and 
most preferably about 7% or less of the total polymer. Methods for determining the levels of 
extractable polymer after neutralization in these anionic and cationic iom exchange hydrogel- 
forming absorbent polymers are provided hereafter in the Test Method Section. 

(5). Gel Volume 

Another characteristic that can be important for anionic and cationic ion-exchange 
hydrogel-forming absorbent polymers useful in the present invention is gel volume after 
neutralization. As used herein, the "gel volume" of a hydrogel-forming absorbent polymer is 
defined as its free-swell absorbent capacity when swollen in an excess of Jayco synthetic urine 
and neutralized to about 75%. It provides a measure of the maximum absorbent capacity of the 
polymer under conditions of use where the pressures on the polymer are relatively low. 
Methods for determining the gel volumes of these hydrogel-forming polymers are provided 
hereafter in the Test Method Section. 

It is preferred that the anionic and cationic ion-exchange hydrogel-forming absorbent 
polymers have a relatively high gel volume, after neutralization. This allows the polymer to 
absorb a greater quantity of body fluids under usage situations where the pressures on the 
polymer are low. It is preferred that the gel volume of the hydrogel-forming absorbent polymers 
of the present invention be at least about 20 g/g. more preferably at least about 25 g/g, and most 
preferably at least about 30 g/g. Typically, these gel volumes are in the range of from about 20 
to about 100 g/g, more typically from about 25 to about 80 g/g, and most typically from about 
30 to about 70 g/g. 
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( 6) - £ej_Strength 



Ano,h=, characerisiic ,ha, can be im p or,a„, for lhe anion , c an(J 
ydr„ 8 e,.form,„ g , bMrben , po|yraers Kefu , jn prescm ■ h n 

e u ,„ As used berein , ,. ge| slrength . re|aiK m ^ « > 

fro. , e absorbs, p„,yme, ,o d e,orm or -now u„ d er „ S a ee slresse , Ce| " *J °™ 

«h .a, hydrogd te „ ot defom and n|| to an unai - ; - 

y=r rmed from the hydroge , fomling abs0fben , po|ymtr A ^ - - 

s reng.b after „e„,rali 2 a,io„ of ,he anionic a„ d ca.ionic ion . cxchange ^J, 
absorben, polvmers c,,„e preseol invemb „ , prov ,, ed hereafter ^ ^ Ua J^^ 

Ahhough maximizing gel s,re„g,h is n0 , as crilical as h 

PUP c apa ciry and SPC. i, i s .referred ,„a, ,„ c anionic and c a ,i„ ni c ioMxcW „ f 

n^ratonon. Th, s mceases .be ability of ,be formed hydroge, ,o resi sl deform™', under 
^pressures. „ is preferred Iba , , be „, after neutraI - - « 

c - Methods for Makin g 

The basic hylrogel-forming absorben, polymer can be formed in anv co„ve„ t io„ a , 
manner Typ.ca, and preferred processes for producing , h ese poiymers are described „ u 
Re,ssue Pa,e„, 32,649 (Brand, e, a„. issued A P ri, „. , , 88 . U.S. Pa.en, A 666 9 83 ( T ul 
« * ; = and U.S. Pa ,e„, , 6 ,, 001 (TsubakimoIO . 

1V86, all of which are incorporated by reference. 

Preferred methods for forming the bas.c h >d ro g eI-f 0 rming absorbent po.ymer are those 
.nv°'v.n g ^ueous solution or other solution poKmerization methods . ^LbTin^ 
ove-referenced U.S. Patent Reissue 32.6,, aqueous so|u(jon ^ _ 

f n a queous eaction mixture t0 ^ om ^ (>mcn2atjon eous J 

then subjected to polymerization conditions are sufficient to produce in the mi xt r 

substantially water-insoluble, slightly network •„ . , a i \- 

, m . . . g y netUo * ^.^slmked polymer. The mass of polymer 

formed can then be pulverized or chopped to form ,nd„dual particles 

More specifically, the aqueous sol n ^ rtzation method for 

hydrogel-forming absorbent polymer comnr. . u proaucing the 

i„ u compr,v..> , he preparat.on of an aqueous reaction mixture 

>n wh>ch to carry out the polymerization 1 1„ , c L mixture 

y ° n ()nc clement of such a reaction mixture is tho 

monomer that will form the "backbone" of ,h k < , r 

on e ol .he h>drx>gel-forming absorbent polymer to be 
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produced. The reaction mixture will generally comprise about 100 pans bv weight of the 
monomer. Another component of the aqueous reaction mixture comprises a network 
crosslinking agent. Network crosslinking agents useful in forming the hydrogel-forming 
absorbent polymer according to the present invention are described in more detail in the above- 
referenced U.S. Reissue Patent 32,649, U.S. Patent 4,666,983, and U.S. Patent 4,625 001 The 
network crosslinking agent will generally be present in the aqueous reaction mixture in an 
amount of from about 0.001 mole percent to about 5 mole percent based on the total moles of 
monomer present in the aqueous mixture (about 0.01 to about 20 parts by weight, based on 100 
pans by weight of the monomer). An optional component of the aqueous reaction mixture 
comprises a free radical initiator including, for example, peroxygen compounds such as sodium 
potassmm, and ammonium persulfates, caprylyl peroxide, benzoyl peroxide, hydrogen peroxide' 
cumene hydroperoxides, teniary butyl diperphthalate, teniary butyl perbenzoate sodium 
peracetate, sodium percarbonate. and the like. Other optional components of the aqueous 
react.on mixture comprise the various co-monomers, including esters of unsaturated acidic 
funct.onal group-containing monomers or other co-monomers containing no carboxylic or 
sulfonic acid or amine functionalities at all. 

The aqueous reaction mixture is subjected to polymerization conditions which are 
sufficient to produce in the mixture substantially water-insoluble, but water-swellable, hydrogel- 
forming absorbent slightly network crosslinked polymers. The polymerization conditions are 
also discussed in more detail in the three above-referenced patents.. Such polymerization 
cond.tions generally involve heating (thermal activation techniques) to a polymerization 
temperature from about 0° to about 100°C, more preferably from about 5° to about 40°C 
Polymerization conditions under which the aqueous reaction mixture is maintained can also 
include, for example, subjecting the reaction mixture, or portions thereof, to any conventional 
form of polymerization activating irradiation. Radioactive, electronic, ultraviolet, or 
electromagnetic radiation are alternative conventional polymerization techniques. 

The functional groups of the hydrogel-forming absorbent polymer formed in the aqueous 
reaction mixture can either be un-neutralized or partially or completely neutralized 
Neutralization can be carried out either before or after polymerization in any conventional 
manner that results in at least about 25 mole percent, and more preferably at least about 50 mole 
percent, neutralization of the total monomer utilized to form the polymer. Anionic hydrogel- 
forming polymers are neutralized with a salt-forming cation. Such salt-forming cations include, 
for example, alkali metals, ammonium, substituted ammonium and amines as discussed in 
funher detail in the above-references U.S. Reissue Patent 32,649. Cationic hydrogel-frorming 
absorbent polymers are typically neutralized with strong monovalent acids such as HCI. For 
some polymerization reactions, it may be preferrable for reaction-mechanism reasons to 
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polymerize the monomer in either neutralized or un-neutralized f nm ,u , , 

, . . . "cuiranzed form, even though the desired 

product is either un-neutralized or neutralized, respectively. 

While it is preferred that the particulate versions of hydrogel-forming absorbent po.ymer 
be manufactured using an aqueous solution polymerization process, it is also possible to carry 
out the P o,ymerization process using mu.ti-phase po.ymerization processing techniques such Z 
■nverse emu.s.on po.ymerization or inverse suspension po.ymerization procedures ,„ the 
mverse emu.sion polymerization or inverse suspension polymerization procedures, the aqueous 
react.on mixture as described before is suspended in the form of ,i„ y drop.ets in a matrix of a 
water-.mmiscible, inert organic solvent such as cyc.ohexane. The resultant panicles of 
hydrogel-forming absorbent polymer are general.y spherical in shape. Averse suspension 
po.ymenzanon procedures are described in greater detai. in U.S. Patent 4.340,706 (Obaysashi et 
a». .ssued Ju ,y 20, ,982. U.S. Patent 4,506,052 (F.esher et al). issued March ,9 , 85 and U 
Patent 4,735.987 (Morita et a,), issued Apri, 5. , 988, a„ of which are incorporated by reference 

Surface crosslinks of the initially formed polymers is a preferred process for obtaining 
hydroge.-form.ng absorbent polymers having re.ative.y high PHL, PUP capacity and SFC 
va.ues. Hydrogel-forming absorbent po.ymers that are surface crosslink in genera, have 
higher values for PHL, PUP capacity and SFC than those having a comparab.e ,eve, of 
functional cross.inks but without surface cross.inking. Without being bound by theory it is 
beheved that surface cross.inking increases the resistance to deformation of hydrogel-forming 
absorbent polymer surfaces, thus reducing the degree of contact between neighboring po.ymer 
surfaces when the resu.tant hydroge. is deformed under an externa, pressure. The degree to 
w ,h PHL, PUP capacity and SFC va.ues are enhanced by surface cross.inking depends on the 
relative eve.s and distributions of interna, and surface crosslinks and the specifics of the surface 
crosslinking chemistry and process. 

Functional cross.inks are those that are elastica.ly active and contribute to an increase in 
modu,us for the swoHen hydroge.-forming absorbent polymers. Ge. volume genera.ly provides 
a reasonab.e measure of the overa,. .eve. of "functiona." cross.inking in an hydroge.-formin, 
absorbent po.ymer, assuming that the on.y significant variab.e is the .eve. of cross.inking 
Genera,.y ge, volume has an inverse power-.aw dependence on the .eve, of cross.inking. 
Add,t,ona, means for determining the overa,, .eve.s of functiona, cross.inks include 
measurements of shear and e.astic modu.us of the resu.tant hydroge, formed by the swol.en 
polymer. 

Surface crossUnked hydros-forming absorben , po|ym „ s haye , 
=ros sl ,„ kl , n , he viciniry of , he surfa „ ta in ^ M ^ 

IT, ,he ,° U,er - fad " E b0U " d " ieS ° f *• P"** ~ F, pores hydr og e,-f„rr„i„ g 

absorben, powers (e. e .. porous panics, e,c.,. exposed in.ema, boundaries can aiso be 
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included. By a hisher level • • . • ■ ■ ■ 

■cvei oi crosslinkmg at the surface, it is meant that the level of functional 

crosslinks for the hvdronel fnr^- i_ . , ..... 

n>arogel-form,ng absorbent polymer in the vicinity of the surface is generally 

higher than the level of function, i „, i- i r L ■ • .i_ • 

lunctional crosslinks for the polymer in the interior. 

The gradation in crosslinking from surface to interior can vary, both in depth and 
profile. Thus, for example, the depth of surface crosslinking can be shallow, with a relatively 
sharp transition to a lower level of crosslinking. Alternatively, for example, the depth of surface 
crosslmk.ng can be a significant fraction of the dimensions of the hydrogel-forming absorbent 
polymer, with a broader transition. 

Depending on size, shape, porosity as well as functional considerations, the degree and 
gradient of surface crosslinking can vary within a given hydrogel-formine absorbent polymer 
For particulate hydrogel-forming absorbent polymers, surface crosslink™ can varv with 
particle s.ze. porosity, etc. Depending on variations in surface:volume ratio within the hydrogel 
. forming absorbent polymer (e.g.. between small and large panicles), it is no, unusual for the 
overall level of crosslinking to vary within the material (e.g., be greater for smaller panicles) 

Surface crosslinking is generally accomplished after the final boundaries of the 
hydrogel-forming absorbent polymer are essentially established (e.g., by grinding, extruding 
foaming, etc.) However, it is also possible to effect surface crosslinking concurrent with the 
creation of final boundaries. Furthermore, some additional changes m boundaries can occur 
even after surface crosslinks are introduced. 

A number of processes for introducing surface crosslinks are disclosed in the art For 
anionic hydrogel-forming polymers, these include those where: (i) a di- or poly-functional 
reagent(s) (e.g., glycerol, U-dioxolan-2-one, polyvalent metal ions, polyquatemary amines) 
capable of reacting with existing functional groups within the hydrogel-forming absorbent 
polymer ,s applied to the surface of the hydrogel-forming absorbent polymer; (ii) a di- or poly- 
functional reagent that is capable of reacting with other added reagents and possibly existing 
funcuonal groups within the hydrogel-forming absorbent polymer such as to increase the level 
of crosslinking at the surface is applied to the surface (e.g., the addition of monomer plus 
crossl.nker and the initiation of a second polymerization reaction); (iii) no additional 
polyfunctional reagents are added, but additional reaction(s) is induced amongst existing 
components within the hydrogel-forming absorbent polymer either during or after the primary 
polymenzation process such as to generate a higher level of crosslinking at or near the surface 
(e.g., heating to induce the formation of anhydride and or esters crosslinks between existing 
polymer carboxylic acid and/or hydroxy, groups and suspension polymerization processes 
wherein the crosslinks is inherently present a, higher levels near the surface); and (iv) other 
matenals are added to the surface such as to induce a higher level of crosslinking or otherwise 
reduce the surface deformability of the resultant hydrogel. Combinations of these surface 
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crosslinking processes either concurrently or in seouence ran a i Crt k , , , 

, • * sequence can also be employed. Jn addition to 

™ „ k ,„ g rea8ems . 01her componenis can bs added to ihe surface a - 

d,s,r,bu,,o„ of crosslink^ (e . e „ ,„e sprEading and ^ of ^ 

reagents.) " imK,n E 

For cationic hydro E e|.f„rr„i„ 6 polymers, melhods for surfa „ 
"here (,) a d,- or poly-functional reaBemf si fen rt;/ n „i. i. , „ .... 

he „ y dr„ g e form,n e .osorben, polymer , app|jed , o , he surfME of h ^ P » 
b orbent po, y m {H) . di . m polv . functiona| reagem thjt js capabk ^ rcactj - 
ad ed reagents and pos sib, y „ lsli „ g funcliona , gfoups w . 8 = 

; r, su ; s ,o increase ,he ievd ° f "° ssiinki - 8 - *■ »*~ is ^ ■» «* «^rr 

0.0 no add.t.ona, po^funciona, reagents are added. bu, additional reaction*, is induced 
m ngs, e xls „„ g „,p 0 ne„,s v,i,„i„ ,„ 5 ny d r o ge , ronning abso , be „, ^ 
fte he pr.rnary po,ymeri 2 a,ion process such as ,o generate . „,g„er ,eve, of cro ss,i„ ki „g * 
nea, the surface (e. g , suspension po.ymcri.tion processes wherein ,„e crosslink ,s inherent y 
pres., a, h.gher levels near the surface, and <iv> other materials are added to ,e sur fa 71 

of crosslintin8 M ° ,he ~ iS£ redu " ,hc surface ° f - 

absorben?"?'' ^ me ' h ° dS "* ^ ""^^ ° f 

absorbent polymers a£cor<Iing „ , h£ ^ ^ ^ 

(Obayas f^ssued September ,7, ,985; pubiished PCT ,pp,i ca ,io„ W092/I6565 (Stanley, 

' PUb " ShC< ' PCT V"™™" WO93/05080 (Stanley), published March ,8 ,003 us 

T l <AkXander) ' iSS " td APri ' 25 ' "«* U S ' " 8 «" 'issued 

-at, -17. ,989; U.S. Pa ,e„, 4.587.308 (M ak i, a , issued May 6. ,986 ; U.S. Pa,e„, 4, 34 4 

7 9 tr w ;T: d March 29, ,988; us - pa,cm s,ma59 (Kim - - — d •*-*«, 

. .992; pub .shed German pa,e„, application 4.020.780 (Dahmen). punished Au g us, 29. 

199 2 EUrOPean Pa,em aPPli " ,i0n 50 " 08 (G """'>- °"<">er 2,. 

' aI1 of which are incorporated by reference. 

A hydro g el forming absorbent poiymcr in u„-n=u,rali 2 ed ion-exc„an g e form can be 
converted ,0 its partiaiiy-neutra^ed form usin g siandard ne„„, li2 a,i„n pledures F^r 
»mp =. a stochiometric ouami^, of NaOH or HCi in aqueous soiution, sufficient for partial 

neutralization to e.g. about 75% can h» aa ^ H^iai 
hvH , r - ded '° an u "- ne ^alized anionic or cationic 

hydrogel-forming polymer, respectively fniu^ k ^ ■ 

, ' P e,y ' fo "owed by drying to remove added water 

Similarly, a hydrogel forming absorbent polymer in neutral.™, fx 

H<-"ymer in neutralized form can be convened to its un- 
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neutralized ion-exchange form using standard procedures. For example, a slight stochiometric 
excess of HCI or NaOH in aqueous solution can be added, respectively, to an aqueous 
suspension of the partially-neutralized anionic or cationic hydrogel-forming polymer, followed 
by solvent exchange to remove excess reagents and water, followed by drying to remove 
residual solvents. For surface-cross! inked hydrogel-forming polymers, these conversion 
procedures can typically be carried out either before or after surface crosslinking. For hydrogel- 
forming polymers where the surface corsslinks are particularly sensitive to pH or exposure to 
excess aqueous solution and/or solvents, it may be preferable to implement any necessary 
conversion procedures prior to surface crosslinking. 

The hydrogel-forming absorbent polymer particles prepared according to the present 
invention are typically substantially dry. The term "substantially dry" is used herein to mean 
tharthe particles have a fluid content, typically water or other solution content, less than about 
50%, preferably less than about 20%, more preferably less than about 10%. by weight of the 
particles. In general, the fluid content of the hydrogel-forming absorbent polymer particles is in 
the range of from about 0.01% to about 5% by weight of the particles. The individual panicles 
can be dried by any conventional method such as by heating. Alternatively, when the particles 
are formed using an aqueous reaction mixture, water can be removed from the reaction mixture 
by azeotropic distillation. The polymer-containing aqueous reaction mixture can also be treated 
with a dewatering solvent such as methanol. Combinations of these drying procedures can also 
be used. The dewatered mass of polymer can then be chopped or pulverized to form 
substantially dry particles of the hydrogel-forming absorbent polymer. 

d. Specific Examples 

Example 1 

Preparation of Ion-Exchange and Neutralized Hvdrogei-Forming Polymers 

A surface-crossl inked, partially-neutralized, anionic, sodium polyacrylic acid hydrogel- 
forming polymer with a relatively-high value for PUP capacity (0.7 psi; 60 minutes) is obtained 
from the Chemdal Corporation of Palantine. Illinois (ASAP 2300; lot no. 426152). The sample 
is seived with a U.S. A Series Standard 50 mesh sieve to remove particles that are greater than 
about 300 microns in diameter (sample 1-1 ), About 50 grams of the sieved hydrogel-forming 
polymer is converted to the acid form by suspending the polymer in about 900 mis distilled and 
deionized water containing 46.5 g concentrated HCI (Baker; 36.5-38% HCI). After the 
suspension is stirred for about 1.5 hours, the hsdrouel- forming polymer is allowed to settle, and 
the supernatant is removed by decantation I he decanted solution is replaced by additional 
distilled and deionized water, the suspension is stirred for an additional 30 minutes, the 
hydrogel-forming polymer is allowed to settle, and the supernatant is removed by decantation. 
This exchange process is repeated (about e.ehi times) until a pH value for the supernatant 
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between 5-6 is reached. After the superman, is decanted, the hydrated hydros-form,,, 
polymer ,s sequentially exchanged three times with isopropano. (VWR; .agent erade) three 
t. m es w,th acetone (VWR: reagent grade), and once with anhydrous ether (EM Scie~nce: reaeent 
grade). The product is transferred to a sheet of Teflon and al.owed to dry overnight After 
gentle manual disruption with a spatula, the product is freeze dried for -96 hours to remove any 
res>dua. solvent, After sieving through a U.S.A. 20 mesh sieve, approximately 30 grams of 
-ad-form anionic, polyacrylic acid, ion-exchange hydrogel-forming po.ymer is obtained 
(sample 1-2). 

A crosslink*! partially-neutralized, cationic N.N-dimethylaminoethvlmethacrvlate-HCI 
hydrogel-forming polymer is prepared using the following procedure. A one liter jacketed resin 
kettle 1S equipped with a mechanical stirrer, an immersion thermometer, a fritted gas-dispersion 
tube for sparging with Nitrogen, a condenser and recirculating water bath for controlling 
tem P e ratu e . In a separate beakep 45 q g dimethylaminoethy.methacry.ate (DMAEM; A.drich 
98/o) ls added ,0 about 40 m.s distilled and deionized water and chi.I.ed in an ice bath |„ a 
separate beaker 24 mis of concentrated HCI is added to about 40 m.s of distilled and deionized 
water and chilled in an ice bath. The HC. solution is s.ow.y added to the DMAEM solution to 
convert the monomer into its HC. salt. The neutralized monomer so.ution is transferred to the 
res.n kettle, which is maintained at T=22° C. ,„ . via.. 0.62 g of N.N-methy.enebisacry. amide 
(Baker; electrophoresis grade) cross.inker is dissolved in a small quantity of distilled and 
de.on.zed water; the so.ution is then added to the resin kettle. The resultant so.ution is purged 
w,th parogen for about one hour while stirring. In separate vials, 0.0.0 g of potassium 
persu fate (A.drich; 99 + %) and 0.0.4 g sodium metabisu.flte (A.drich; 97 + %) initiators are 
d.ssolved in small quantities of distilled and deionized water. The total quantity of water is 90 
m.s. The gas-dispersison tube is raised above the so.ution leve.. the rate of stirring is increased 
suffice* to generate a s.ight vortex, and the potassium persulfate and sodium metabisu.f.te 
soiuttons are sequentially added in a dropwise fashion over a period of about five minutes 
After about 35 minutes, the vortex disappears and a slight increase in temperature is observed 
The surrer „ raised out of the solution and the bath temperature is increased to about 50° C and 
allowed to equilibrate oversight. The gel product is removed from the resin kert.e, chopped into 
small P1 eces, and transferred to a rwo liter resin kettle equipped with condenser. Dean Stark trap 
.mmers.on thermometer, and mechanica. stirrer, containing about one .iter cyc.ohexane (EM 
Scence; Omniso.ve). While stirring, the temperature is increased to reflux and water is 
removed by azeotropic distillation. The distillation is continued until no more water is removed 
and the temperature increases to about 80° C. The product is filtered «o remove cyclohexane 
ground with a Wiley Mill, and sieved through a U.S.A. 20 mesh sieve. The sieved product is 
dr.ed oversight at room temperature under vacuum. About 54 g of cross.inked partialK- 
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neutralized, cationic RN-dimethylaminoethylmethacrylateHCI hydrogel-forming polymer 
product is obtained (sample 1-3). 

About 35 g of the partially-neutralized product is suspended in about 1500 mis of 
distilled and deionized water to which has been added about 15.9 g of 50% sodium hydroxide 
(Baker; analyzed reagent). After the suspension is stirred for about 1.5 hours, the hydrogel- 
forming polymer is allowed to settle, and the supernatant is removed by decantation. The 
decanted solution is replaced by additional distilled and deionized water, the suspension is 
stirred for an additional 30 minutes, the hydrogel-forming polymer is allowed to settle, and the 
supernatant is removed by decantation. This exchange process is repeated (about eight times) 
until a pH value for the supernatant between 6-7 is reached. After the supernatant is decanted, 
the hydrated hydrogel-forming polymer is sequentially exchanged three times with isopropanol 
(VWR; reagent grade), three times with acetone (VWR; reagent grade), and twice with 
anhydrous ether (EM Science; reagent grade). The product is transferred to a sheet of Teflon 
and allowed to dry overnight. After gentle disruption with a mortar & pestal, the product is 
freeze dried for -96 hours to remove any residual solvents. After sieving through a U.S.A. 20 
mesh sieve, approximately 22 grams of base-form, cationic, N,N- 
dimethylaminoethylmethacrylate ion-exchange hydrogel-forming polymer is obtained (sample 
1-4). 

The moisture content of the above neutralized and ion-exchange hydrogel-forming 
polymers is determined by weight loss after three hours at 105° C. PUP capacity is determined 
under confining pressures of 0.3 psi and 0.7 psi for time periods of 60 minutes and 225 minutes. 
Extractables for the acid form anionic hydrogel-forming polymer and base-form cationic 
hydrogel-forming polymer are determined following in-situ neutralization with a stochiometric 
quantity of IN NaOH (Baker analyzed) and IN HC1 (Baker Analyzed), respectively. Gel 
volumes for the acid form anionic hydrogel-forming polymer and base-form cationic hydrogel- 
forming polymer are determined both on the polymers as is and on the polymers following in- 
situ neutralization with a stochiometric quantity of IN NaOH (Baker analyzed) and IN HC1 
(Baker Analyzed), respectively. The gel volume values obtained for the un-neutralized ion- 
exchange hydrogel-forming polymers with in-situ neutralization are also weight corrected "to a 
neutralized basis" for comparison to the gel volumes measured for the comparable neutralized 
hydrogel-forming polymers. Results of these measurements (expressed on a dry-weight basis) 
are tabulated in Tables l-l and 1-2. 

Based on a comparison of the gel volume value for sample 1-1 and the weight-adjusted 
gel volume value for sample 1-2 following in-situ neutralization, it is concluded that conversion 
of the anionic hydrogel-forming polymer from its neutralized to its acid form results in little 
change in the underlying properties of the hydrogel-forming polymer. Thus, except for degree 
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of neutralization, samples 1-1 and 1-2 are comparable materials. Also, based on a comparison 
of the gel volume value for sample 1-3 and the weight-adjusted gel volume value for sample 1-4 
following in-situ neutralization, it is concluded that conversion of the cationic hydrogel- forming 
polymer from its neutralized to its base form results in linle change in the underlying properties 
of the hydrogel-forming polymer. Thus, except for degree of neutralization, samples 1-3 and 1- 
4 are comparable materials. 



Table l-l: Propert ies of Example 1 samples 

S 2nmk Moisture Gel Volume Extractable 

. . , A . . Jf ^ IZlSl Polvmer iwt »/.) 

1-1 (Anionic; neutralized form) 5.5 42.6 T^T 

1-2: (Anionic; acid form) 4.7 5 7 (a) ] 1 

1-3 (Cationic; neutralized form) 1.3 15 4 <r 

1-4 (Cationic; base form) 0.5 6.0 < b > <5 

a) Gel volume is 53.9 g/g following about 75% in-situ neutralization. This corresponds 
to a weight-adjusted value of about 44 g/g. 

b) Gel volume is 16.3 g/g following about 100% in-situ neutralization This 
corresponds to a weight-adjusted value of about 13 g/g. 

Table 1-2: PUP capaci ty values of Example 1 samples (b\ 

0.3 psi 0.3 psi 0.7 psi 0.7 psi 

( 60 min ) (225 mini (60 mini (225 mini 



(a) 



l-l (Anionic; neutralized form) 38.2 (a) 31.9 

1-2: (Anionic; acid form) 8.2 ( a ) 6.9 (a) 

1-3 (Cationic; neutralized form) 11.1 14 9 ]Q 2 13 7 

1-4 (Cationic; base form) 5.5 6 0 



5.4 5.8 

a) The PUP capacity value at 225 minutes for this sample is approximately equal to its 
60 minute value. 

b) All values are corrected for moisture and are expressed in units of g/g. 

Example 2 

PUP Capacities for Mixed-Bed Ion-Excha nge Hvdropel-Forming Polvmer Compositions 

The moisture-corrected cation-exchange capacity of the polyacrylic acid hydrogel- 
forming polymer is estimated to be about 13.9 meq/g, based on its monomer molecular weight. 
The moisture-corrected anion-exchange capacity of the polydimethylaminoethyl-methacrylate 
hydrogel-forming polymer is estimated to be about 6.4 meq/g, based on its monomer molecular 
weight. Based on these values for cation-exchange and anion-exchange capacities, a mixed-bed 
ion-exchange composition containing polyacrylic acid and polydimethylaminoethyl 
methacrylate hydrogel-forming polymers, having approximate equal equivalents of cation- 
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exchange and anion-exchanoo L . . c 

a "uii c.xcnange capacity, has a weight rano of anionic:cationic polymer of about 

0.3 1 :0.69 and has a mixed-bed ion-exchange capacity of about 4.4 meq/g. 

Ion-exchange hydrogel-forming polymer compositions with a total weight of 
approximately 0.9 grams and a weight ratio of 0.3 1 pans sample 1 -2 to 0.69 pans sample 1 -4 are 
prepared by mixing aliquots of the rwo samples (sample 2-1). After mixing, the ion-exchange 
hydrogel-formmg compositions are transferred to a PUP cylinder for measurement of PUP 
capacry. Comparable 0.31:0.69 weight-ratio mixtures of samples 1-1 and 1-3 where the 
amomc and cationic hydrogel-forming polymers are in their neutralized forms are also 
prepared by mixing aliquots of the nvo samples (sample 2-2). After mixing, this comparable 
nmture of neutralized hydrogel-fonning polymers is transfened to a PUP cylinder for 
measurement of PUP capacity. PUP capacity values are determined, for confining pressures of 
0.3, 0.7. and 1.4 ps. and measurement times of 60 minutes and 225 minutes. The measured 
mo.sture-corrected values for PUP capacity are given in Table 2-1. 

A comparison of the PUP Capacity values at 225 minutes demonstrate that the ion- 
exchange hydrogel-forming polymer composition exhibits more than a 50% increase in PUP 
capacry at confining pressures of 0.7 psi and 1.4 ps, relative to a comparable mixture of the 
amomc and cationic hydrogel-forming polymers, each in their neutralized forms. The increase 
in PUP capacity at a confining pressure of 0.3 psi is more than 40%. 

c , Ta ble 2-1 PUP Capacity Values for Mixed-Bed lon-Exchan^ r m rc ;,;. r 

oTp^ bTpTi bTpli ff~ 

2, SI 5 mln> mJSM < 225 min > < 60 (225 min^ 

328 190 29 7 is. i — 

2 " 2 22 - 8 23.1 17.8 19.2 9.5 1^9 

2- Fibrous Materials 

The absorbent members of the present invention can comprise fibrous materials to form 
fibrous web or fibrous matrices. Fibers useful in the present invention include those that are 
naturally occurring fibers (modified or unmodified), as well as synthetically made fibers 
Examples of suitable unmodified/modified naturally occurring fibers include cotton, Espano 
grass, bagasse, kemp, flax, silk, wool, wood pulp, chemically modified wood pulp jute rayon 
ethyl cellulose, and cellulose acetate. Suitable synthetic fibers can be made from polyvinyl' 
chlonde, polyvinyl fluoride, polytetrafiuoroethylene, polyvinylidene chloride, polyacrylic's such 
as ORLON , polyvinyl acetate, polyethylvinyl acetate, non-soluble or soluble polyvinyl 
alcohol, polyo.efins such as polyethylene (e.g.. PULPEX®) and polypropylene, po.yamides such 
as nylon, polyesters such as DACRON® or KODEL®, po.yurethanes, polystyrenes, and the like 
The fibers used can comprise solely naturally occuning fibers, solely synthetic fibers or any 
compat.ble combination of naturally occurring and synthetic fibers. 
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The fibers used ; n ,„„ present invemion „„ be ^^.^ „ 
omb,na,,o„ of bom h yd ropr,i,ic and h> , rophobjc nbers As uscd herei 
escr.bes fiber, „ r surfaces of nb „, , ha , „ we „ jb|e fcy ^ 

flu*, depose, on ,hese fibers. H yd ropbi„c, w and w „abi,i, y are Wically define 

««, angie and ,he surface ,.nsio„ of me fi uids and so.ids invoived. This is d, S c u ^ * 

de a„ ,„ ,be A rne„e,n Chemica. Socie* pubiica.ion Ed C^^^^Z 

Mmm, ed„ed b y Roben F. Gou.d (Cop y ri s h, „ M) . A C, bc ^^^~^ 

e we„ed b y a fiuid (i.e., r. yd ropbi„ c) when ei.ner ,he comac, angie be.ween ,be fiJi I 
fiber, or ,,s surface, is iess ,h,n or,, or when ,be fluid .ends ,o spread spon.aneousiv across ,be 

„ ; ° k :• bo,h condi,io " s mm -" y c °-^ c — '>•• ■ <■"- - t 

considered ,„ be b y dropbobic if.be comae, angie is s rea,er lha „ „ and , he „ uid ^ 
spread spomaneousl y across .he surface of .he fiber. 

hand, SdeC,i °" ° f hyd '° PhiliC °' h - Vd ' 0Ph<)biC n "" S *">""> «P=" fiuid 

andimg prope„,es and o.her characer.s.ics desired for ,be re»u„i„g absorb™, .ember For 

n,p e for absorben. members ,ha. are ,o be used ,o repiace compie.ei, or par,i ,, y 
*op„„ ,e. nonwoven .opsnee, a, ieas, one of ,he absorben, member, , yp i ally I m=m be 

7 t ° f abS " b "' - -".My comprise „ y d,op h ob,c fi ers. Tnet 

of «b,c fibers ,„ „ ,eas, one of ,he absorben, members can a,so be usefui where 
-mber compr.s.ng ,he b y drophobic fibers is adjacen, a -brea.habfe, b„, somewha, fiuid 

he h r . S " " abS °' bem artiC ' e S " Ch " •" ra "' -* «« -n.pn.bl 

the hvdropnob.c fibers provides a fluid imperv.ous barrier. 

For manv absorben, members ,cc„r d i„g ,o ,he prescn, invemion. ,he use of h yd rophilic 
fibers ,s pre erred. This is especia, iy ,rue for absorben, members ,ba, are d esire d ,o effic> 
d,sch,r g ed bod y fiuid, and , he „ q uicU> , ransfer a „ d ^ " 

o.her. rem„,e regions of ,h« absorben, member „, absorben, core. The use of h yd ,„ ph i„c fibers 

m„HT S r';! e , hy ' irOPhi ' iC nberS f °' -""'^ fibers 

^CRON® 7 ^ PO ' y " ,er ^ S " Ch » (•♦•' 

a" o be b : d 7 " y ' 0n ^^""* < " > ^""* >■ - -» Suifabie h.drophiiic fibers c n 

Z d b " hydr0phi " Zi " 8 h *'°^" ««■ « S urfac„„,.,rea,ed or siiica- 

*~* ,»ermop,as,ic fibers derive, from. ,„. comp , e . polyoMns suc „ „ 

polypropylene, polyacrylics, polyamides rx^Kwr. . u 

...... '^ amiaes -M>^«>n:nc S . polyurethanes and the like. For reasons 

of availability and cost celluIo<:ic flhfrc ; , '"ions 

y cost, cellulose fibers, m pan.cular uood pulp fibers, are preferred for use in 
the present invention. 
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Suitable wood pulp fibers can be obtained from well-known chemical processes such as 
the Kraft and sulfite processes. It is especially preferred to derive these wood pulp fibers from 
southern soft woods due to their premium absorbency characteristics. These wood pulp fibers 
can also be obtained from mechanical processes, such as ground wood, refiner mechanical, 
thermomechanicai, chemimechanical, and chemi-thermomechanical pulp processes. Recycled 
or secondary wood pulp fibers, as well as bleached and unbleached wood pulp fibers, can be 
used. 

A desirable source of hydrophilic fibers for use in the present invention, especially for 
absorbent members providing both fluid acquisition and distribution properties, is chemically 
stiffened cellulosic fibers. As used herein, the term "chemically stiffened cellulosic fibers- 
means cellulosic fibers that have been stiffened by chemical means to increase the stiffness of 
the fibers under both dry and aqueous conditions. Such means can include the addition of a 
chemical stiffening agent that, for example, coats and/or impregnates the fibers. Such means 
can also include the stiffening of the fibers by altering the chemical structure, e.g.. by 
crosslinking polymer chains. 

Polymeric stiffening agents that can coat or impregnate the cellulosic fibers include: 
cationic modified starches having nitrogen-containing groups (e.g., amino groups) such as those 
available from National Starch and Chemical Corp.. Bridgewater, NJ. USA; latexes; wet 
strength resins such as polyamide-epichlorohydrin resin (e.g., Kymene® 557H, Hercules, Inc. 
Wilmington, Delaware, USA), polyacrylamide resins described, for example, in U.S. Patent 
3.556.932 (Coscia et al), issued January 19, 1971; commercially available polyacrylamides 
marketed by American Cyanamid Co., Stamford. CT, USA, under the tradename Parez® 631 
NC; urea formaldehyde and melamine formaldehyde resins, and polyethylenimine resins. A 
general dissertation on wet strength resins utilized in the paper art, and generally applicable 
herein, can be found in TAPPI monograph series No. 29. "Wet Strength in Paper and 
Paperboard", Technical Association of the Pulp and Paper Industry (New York, 1965). 

These fibers can also be stiffened by chemical reaction. For example, crosslinking agents 
can be applied to the fibers that, subsequent to application, are caused to chemically form 
intrafiber crosslink bonds. These crosslink bonds can increase the stiffness of the fibers. While 
the utilization of intrafiber crosslink bonds to chemically stiffen the fiber is preferred, it is not 
meant to exclude other types of reactions for chemical stiffening of the fibers. 

Fibers stiffened by crosslink bonds in individualized form (i.e., the individualized 
stiffened fibers, as well as processes for their preparation) are disclosed, for example, in U.S. 
Patent 3,224,926 (Bernardin), issued December 21, 1965; U.S. Patent 3,440,135 (Chung), issued 
April 22, 1969; U.S. Patent 3,932,209 (Chatterjee), issued January 13, 1976; and U.S.' Paten. 
4,035,147 (Sangenis et al.), issued July 12, 1977. More preferred stiffened fibers are disclosed 
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in U.S. Paten. 4.822,453 (Dean et al), issued April 18, 1989; U.S. Patent 4.888.093 (Dean et al) 
issued December 19. 1989: U.S. Patent 4,898,642 (Moore et al). issued February 6. 1990; and 
U.S. Patent 5.137.537 (Herrow et al). issued August 1 1, 1992. all of which are incorporated by 



reference. 



In the more preferred stiffened fibers, chemical processing includes intrafiber 
crosslinking with crosslinking agents while such fibers are in a relatively dehydrated, deflbrated 
(i.e.. individualized), twisted, curled condition. Suitable chemical stiffening agents are typically 
monomeric crosslinking agents including, but not limited to, C 2 -C 8 dialdehyde,' Co-Cg 
monoaldehydes having an acid functionality, and especially C 2 -C 9 polycarboxylic acids. These 
compounds are capable of reacting with at least two hydroxy! groups in a single cellulose chain 
or on proximately located cellulose chains in a single fiber. Specific examples of such 
crosslinking agents include, but are not limited to, glutaraldehyde, glyoxal, formaldehyde 
glyoxylic acid, oxydisuccinic acid and citric acid. The effect of crosslinking under these 
conditions is to form fibers that are stiffened and which tend to retain their twisted, curled 
configuration during use in the thermally bonded absorbent structures herein. Such fibers, and 
processes for making them, are described in the above incorporated patents. 

The preferred stiffened fibers that are twisted and curled can be quantified by referencing 
both a fiber "twist count" and a fiber "curl factor". As used herein, the term "twist count" refers 
to the number of twist nodes present in a certain length of fiber. Twist count is utilized as a 
means of measuring the degree to which a fiber is rotated about its longitudinal axis. The term 
"twist node" refers to a substantially axial rotation of 180° about the longitudinal axis of the 
fiber, wherein a portion of the fiber (i.e., the "node") appears dark relative to the rest of the fiber 
when viewed under a microscope with transmitted light. The twist node appears dark at 
locations wherein the transmitted light passes through an additional fiber wall due to the 
aforementioned rotation. The distance between nodes corresponds to an axial rotation of 180°. 
The number of twist nodes in a certain length of fibers (i.e., the twist count) is directly indicative 
of the degree of fiber twist, which is a physical parameter of the fiber. The procedures for 
determining twist nodes and total twist count are described in U.S. Patent 4,898,642. 

The preferred stiffened fibers will have an average dry fiber twist count of at least about 
2.7, preferably at least about 4.5 twist, nodes per millimeter. Furthermore, the average wet fiber 
twist count of these fibers should preferably be at least about 1.8, preferably at least about 3.0 
and should also preferably be at least about 0.5 twist nodes per millimeter less than the average' 
dry fiber twist count. Even more preferably, the average dry fiber twist count should be at least 
about 5.5 twist nodes per millimeter, and the average wet fiber twist count should be at least 
about 4.0 twist nodes per millimeter and should also be at least 1.0 twist nodes per millimeter 
less than its average dry fiber twist count. Most preferably, the average dry fiber twist count 
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should be at least about 6.5 twist nodes per millimeter, and the average wet fiber twist count 
should be at least about 5.0 twist nodes per millimeter and should also be at least 1.0 twist nodes 
per millimeter less than the average dry fiber twist count. 

In addition to being twisted, these preferred stiffened fibers are also curled. Fiber curl 
can be described as the fractional shortening of the fiber due to kinks, twists, and/or bends in the 
fiber. For the purposes of the present invention, fiber curl is measured in terms of a two 
dimensional plane. The extent of fiber curling can be quantified by referencing a fiber curl 
factor. The fiber curl factor, a two dimensional measurement of curl, is determined by viewing 
the fiber in a two dimensional plane. To determine curl factor, the projected length of the fiber 
as the longest dimension of a two dimensional rectangle encompassing the fiber. L R , and the 
actual length of the fiber, L A , are both measured. The fiber curl factor can then be calculated 
from the following equation: 

Curl Factor = (L a /Lr) - 1 . 

An image analysis method that can be utilized to measure L R and L A is described in U.S. 
Patent 4.898,642. Preferably the stiffened fibers will have a curl factor of at least about 0.30, 
and more preferably will have a curl factor of ar least about 0.50. 

These chemically stiffened cellulosic fibers have certain properties that make them 
particularly useful in certain absorbent members according to the present invention, relative to 
unstiffened cellulosic fibers. In addition to being hydrophilic. these stiffened fibers have unique 
combinations of stiffness and resiliency. This allows thermally bonded absorbent structures 
made with these fibers to maintain high levels of absorptivity, and to exhibit high levels of 
resiliency and an expansionary responsiveness to wetting. In particular, the resiliency of these 
stiffened fibers enables the absorbent member to better maintain its capillary structure in the 
presence of both fluid and compressive forces normally encountered during use and are thus 
more resistant to collapse. 
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3- Thermopl astic Maferiak 

I" the case of thermally bonded absorbent members according ,o the present invention 
the member can comprise thermoplastic material in addition to the fibers. Upon melting a, least' 
a port,on of this thermoplastic material migrates to the intersections of the fibers, tvpicallv due 
to mterfiber capillary gradients. These intersections become bond sites for the thermoplastic 
matenal. When cooled, the thermoplastic materials at these intersections solidify to form the 
bond sites that hold the matrix or web of fibers together in each of the respective lavers 

Amongst its various effects, bonding at these fiber intersections increase's the overall 
compress.ve modulus and strength of the resulting thermally bonded member. In the case of the 
chemically stiffened ce.lu.osic fibers, the melting and migration of the thermop.astic materia, 
also has the effect of increasing the average pore size of the resultant web. while maintaining the 
dens,ry and basis weight of the web as originally forced. This can improve the fluid acquisition 
propen.es of the thermally bonded member upon initial discharges, due to improved fluid 
permeab.hry, and upon subsequent discharges, due to the combined abilitv of the stiffened fibers 
to retam their stiffness upon wetting and the ability of the thermoplastic material to remain 
bonded at the fiber intersections upon wetting and upon wet compression. In net. thermally 
bonded webs of stiffened fibers retain their original overall volume, but with the volumetric 
reg.ons prev.ous.y occupied by the thermoplastic materia, becoming open to thus increase the 
average mterfiber capillary pore size. 

Thermoplastic materials useful in the present invention can be in anv of a varietv of 
forms deluding particulates, fibers, or combinations ofparticula.es and fibers. Thermoplastic 
fibers are a particularly preferred form because of their ability to form numerous interfiber bond 
s.tes. Su.table thermoplastic materials can be made from any thermoplastic polvmer that can be 
melted at temperatures that will not extensively damage the fibers that comprise the primary 
web or matnx of each layer. Preferably, the melting point of this thermoplastic materia, will be 
less than about 190°C, and preferably between about 75°C and about 175°C. In any event the 
melt,ng po.nt of this thermoplastic material should be no lower than the temperature at which 
the thermally bonded absorbent structures, when used in absorbent articles, are likely to be 
stored. The melting point of the thermoplastic material is typically no lower than about 50°C 

The thermoplastic materials, and in particular the thermoplastic fibers, can be made from 
a vanety _of thermoplastic polymers, including polyolefins such as polyethylene (eg 
PULPEX ) and polypropylene, polyesters, copolyesters, polyvinyl acetate, polyethylvinyl 
acetate, polyv inyl chloride, polyvinylidene chloride, polyacrylics, polyamides, copolyamides 
polystyrenes, polyurethanes and copolymers of any of the foregoing such as vinyl chloride/vinyl 
acetate, and the like. One preferred thermoplastic binder fiber is PLEXAFIL® polyethylene 
m.crofibers (made by DuPont) that are also available as an about 20% blend with 80% cellulosic 
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fibers sold under the tradename KITTY HAWK® (made by Weyerhaeuser Co.) Depending upon 
the desired characteristics for the resulting thermally bonded absorbent member, suitable 
thermoplastic materials include hydrophobic fibers that have been made hvdrophilic such as 
surfactant-treated or silica-treated thermoplastic fibers derived from, for example, polvolefins 
such as polyethylene or polypropylene, polyacrylics, polyamides, polystyrenes, polyurethanes 
and the like. The surface of the hydrophobic thermoplastic fiber can be rendered hydrophilic by 
treatment with a surfactant, such as a nonionic or anionic surfactant, e.g., bv spraying the fiber 
w,th a surfactant, by dipping the fiber into a surfactant or by including the surfactant as part of 
the polymer melt in producing the thermoplastic fiber. Upon melting and resolidification the 
surfactant will tend to remain at the surfaces of the thermoplastic fiber. Suitable surfactants 
mclude nonionic surfactants such as Brij® 76 manufactured by ICI Americas, Inc of 
W.lm.ngton. Delaware, and various surfactants sold under the Pegosperse® trademark bv Glyco 
Chemical. Inc. of Greenwich. Connecticut. Besides nonionic surfactants, anionic surfactants can 
also be used. These surfactants can be applied to the thermoplastic fibers at levels of, for 
example, from about 0.2 to about I g. per sq. of centimeter of thermoplastic fiber. 

Suitable thermoplastic fibers can be made from a single polymer (monocomponent 
fibers), or can be made from more than one polymer (e.g., bicomponent fibers). As used herein 
"b-component fibers" refers to thermoplastic fibers that comprise a core fiber made from one 
polymer that is encased within a thermoplastic sheath made from a different polymer The 
polymer comprising the sheath often melts at a different, typically lower, temperature than the 
polymer comprising the core. As a result, these bicomponent fibers provide thermal bonding 
due to melting of the sheath polymer, while retaining the desirable strength characteristics of the 
core polymer. 

Suitable bicomponent fibers for use in the present invention can include sheath/core 
fibers having the following polymer combinations: polyethylene/polypropylene, polyethylvinvl 
acetate/polypropylene, polyethylene/polyester. pohpropylene/polyester. copolvester/polyeste'r 
and the like. Particularly suitable bicomponent thermoplastic fibers for use herein are those 
havmg a polypropylene or polyester core, and a lower melting copolyester, polyethylvinyl 
acetate or polyethylene sheath (e.g., DANAK1.()\K CELBOND® or CHISSO® bicomponent 
fibers). These bicomponent fibers can be concentric or eccentric. As used herein, the terms 
"concentric" and "eccentric" refer to whether the sheath has a thickness that is even, or uneven 
through the cross-sectional area of the bicomponent liber. Eccentric bicomponent fibers can be 
de SI rable in providing more compressive strength at lower fiber thicknesses. Suitable 
bicomponent fibers for use herein can be ether uncr.mped (i.e. unbent) or crimped (i.e. bent) 
B.component fibers can be crimped by typical icxt.lc means such as, for example, a stutter box 
method or the gear crimp method to achieve a predominantly two-dimensional or "flat" crimp. 
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In the case of thermoplastic fibers. their length can vary depending upon the particular 
melt pen, and other propert.es destred for these fibers. Typically, these thermoplastic fiber, 
»ve a tength from about 0.3 to about 7.5 cm ,on g . preferably from about 0.4 to about 3 0 cm 
ong and most preferabty from about O.o ,„ about ,. 2 cm , ong . The properties. mcluding me „ 
potnt. of these themtoplastic fibers can also be adjusted by varying , h e diameter (caliper, „f, 
fibers. The d.ameter of these thermoplastic fibers is typically defined in terms of either den 
Stants per ,000 meters, or decitex (grams per ,0.000 meters,. Suitable b.compon 
hermop as„c fibers can have a decitex in the range from about 1 .0 to about ,0. preferably fro! 
about 1.4 ,„ about 10. and most preferablv from about 1.7 to about 3 3 

The compressive moduius of these thermoplastic materials, and espectally ,„., of , he 
th rmoplasnc fibers, can a,so be imponant. The compressive modulus of thermoplastic fiber 
affected no, on,y by tnei, ,e„g,h and diameter, bu, also by the composition and P openie o 
polymer or polymers from which ,hey are made, the shape and configuration of the fibers (e g 
concentnc or eccentric, crimped or uncrimped,, and li.e factors. Differences in the compre Li e' 
modulus of these thermoplastic fibers can be used to a„er the properties, and especi „y h 
-«* charactertsties. of the respective absorbent members during preparation of the absorbed 

4 " Other Com ponents and Material'; 

Additional ion-exchange capacity can be added ,„ the absorbent member or to the 
absorbent article containing the absorbent member in the form of ion-exchange fibers ton. 
xc a„ g e fi, paniculaIe i0 „. txchange reshs ;o _ change fibers ion.exch.1 

o^tngs on films, etc. for the purpose of ,i, supptementing the tota, ion-exchange cap^ 
*cr <„, offsetting an inbalance in anion-exchange vs cation-exchange capacity res „i„g fr m 

* tuted for one or more of the existing components in the absorbent member or absorbent 
n c,e Thus, for exampte. , convention,, wood-pulp fiber in an absorbent member can be 

April 4, 1 989, which is incorporated herein by reference. 

Other optional components that can be present in absorbent webs are described in for 

TZ T; G IT C0 T° nemS Ma,Cria,S SeC,i0 " ° f U PatCnt N °- ^< i-ed Oct 
8, 1 996 to Goldman et al., which is incorporated by reference herein. 
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C Absorbeni Members Contain ing Hvdrogel-Forming Ahsorbent Polvm P rc 
'• Conceniraiion, Basis Wei ght and Fluid Handling Prop ertipc 

At least one of the absorbent members according to the present invention will comprise 
the previously described mixed-bed of hydrogel-forming absorbent polymers, with or without 
other optional components such as fibers, thermoplastic material, etc. These absorbent members 
comprising these absorbent polymers can function as fluid storage members in the absorbent 
core. The principle function of such fluid storage members is to absorb the discharged bodv 
fluid either directly or from other absorbent members (e.g., fluid acquisition/distribution 
members), and then retain such fluid, even when subjected to pressures normally encountered as 
a result of the wearer's movements. It should be understood, however, that such polymer- 
conta.ning absorbent members can serve functions other than fluid storage. 

An important aspect of these absorbent members according to the present invention is 
that they contain one or more regions having a high concentration of these hydrogel-forming 
absorbent polymers. In order to provide relatively thin absorbent articles capable of absorbing 
and retaining large quantities of body fluids, it is desirable to increase the level of these 
hydrogel-forming absorbent polymers and to reduce the level of other components, in particular 
fibrous components. In order to utilize these hydrogel-forming absorbent polymers at relatively 
h.gh concentrations, however, it is important that these polymers have a relatively high demand 
absorbency capacity under a relatively high confining pressure (i.e., PUP capacity value) and 
preferably a relatively high porosity (i.e., PHL value) as well as a relatively hieh permeability 
under pressure (i.e., SFC value). This is so that the polymer, when swollen in the presence of 
body flu.ds, provides adequate capability to acquire these discharged body fluids and then 
transport these fluids through the gel-continuous fluid transportation zone or layer to other 
reg.ons of the absorbent member and/or absorbent core and/or then to store these body fluids. 

In measuring the concentration of hydrogel-forming absorbent polymers in a given 
reg,on of an absorbent member, the percent by weight of the hydrogel-forming polymers relative 
to the combined weight of hydrogel-forming polymers and any other components (e.g., fibers 
thermoplastic material, etc.) that are present in the region containing the polymer is used. With 
th.s in mind, the concentration of the hydrogel-forming absorbent polymers in a given region of 
an absorbent member according to the present invention can be in the range of from about 60 to 
100%, preferably from about 70 to 100%, more preferably from about 80 to 100%, and most 
preferably from about 90% to 100%. 

Another important aspect is the basis weight of the hydrogel-forming absorbent 
polymers in a given region of the absorbent member. The hydrogel layer porosity, gel 
permeability and high demand absorbent capacity properties of these hydrogel-forming 
absorbent polymersbecome most impactful on the absorbency performance of the absorbent 
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member and the absorbent core at certain minimum basis weights of the polymer. ,n measurin e 
.he basis weigh, of the hydrogel-forming absorbent polymer in a given region of an absorbed 
member, the grams of po.ymer present per square meter (g5m) of area of the regjon js ^ 
* «h th,s in mind, the basis weight of a hydrogel-forming absorbent polymers in a given region 
of an absorbent member according to the present invention is at least about 10 gsm, preferably a, 
east about 20 gsm. more preferably at .east about 50 gsm, and most preferably at .east about 
100 gsm. Typically, these basis weight values are in the range of from about 10 to about ,000 
gsm, more rypical.y from about 50 ,o about 800 gsm. and most typicallv from about .00 to 
about 600 gsm. 

When hydrogel-forming absorbent polymers are incorporated in an absorbent storage 
member a, a sufficiently high concentration and basis weight, the swelling by body fluids under 
pressure bnngs the boundaries of the resu.tant hydroge. within a given region into contact (i e 
.he hydroge. in the region becomes contiguous.) Within these expanded/swollen high- 
concentration regions, the voids and capites are generaMy bounded by the hydroge. thus 
formmg a ge.-continuous fluid transportation zone or layer. For these regions, it is believed the 
porosity and fluid permeability approaches that of a comparable hydroge. layer formed under 
pressure from the po.ymer alone. Moreover, the use of the previously described hvdrogel- 
formmg absorbent polymers having relative.y high PHL and preferably relativelv high SFC 
values confers a higher porosity and preferably a higher permeabi.ity, respective* and thus 
good fl «,d acquisition, transport, and storage properties for these gel-continuous fluid 
transportation zones or layers. 

2 ' Wet Integrity of Absorbent M „ mber anri/nr Ah sorben t Cor P 

During initial fluid acquisition, absorbent core uti.ization occurs in the immediate 
v.cn.ty of the gush. There are severa. pathways for uti.izing the absorbent core beyond this 
.n.t.a. flu,d acquisition point. Fluid can move across the topsheet and enter the core over a 
larger area. This is not a desirable situation since this fluid is in contact with the skin and is 
vulnerable to leakage from the absorbent anic.e. Certain features of the absorbent artic.e eg 
bamer .eg cuffs, can he.p with the latter. Also, special fluid acquisition members have 'been 
used to move fluid below the topsheet prior to entry into the storage regions of the absorbent 
core. In spite of these measures to improve fluid handling performance, there is still a need to 
gam as much latera. (i.e., X-V dimension) fluid movement as oossib.e in the storage regions of 
the core, particularly as the absorbent cores become thinner and thinner. 

The potential improvements in lateral fluid movement offered by absorbent members 
comprising the relatively high porosity and preferably high permeabi.ity hydroge.-forming 

absorbent polymers described above reanir« , „ _ • «- . 

, requires a certa.n amount of physical continuity in the 

nydrogel-containing region (i.e. the cel-conr;„ n •_. 

b v ' ne S e| - c °™'nuous fluid transportation zone or layer) for 
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adequate fluid movement to take place through contiguous interstitial voids and capillaries 
Realization of the benefits of these high porosity and preferably high permeability hydrogel 
formmg absorbent polymers is facilitated by absorbent members and absorbent cores designed 
to reduce or minimize the occurrence of disruptions in the gel-continuous fluid transportation 
zones or layers that are formed when the polymer is swollen by body fluids. Absorbent 
members and/or cores that provide such characteristics are referred to herein as having good wet 
■ntegnry. By "good wet integrity" is meant that the region or regions in the absorbent member 
havmg the high concentration of hydrogel-forming absorbent polymer have sufficient integrity 
«n a dry, partially wet, and/or wetted state such that the physical continuity (and thus the 
capabihty of acquiring and transporting fluid through contiguous interstitial voids/capillaries) of 
the gel-continuous fluid transportation zone or layer formed upon swelline of the hydrogel 
formmg absorbent polymer in the presence of body fluids is not substantially disrupted or 
altered, even when subjected to normal use conditions. 

During normal use, absorbent cores in absorbent articles are typically subjected to 
tensional and torsional forces of varying intensity and direction. These tensional and torsional 
forces mclude bunching in the crotch area, stretching and twisting forces as the person wearing 
the absorbent article walks, squats, bends, and the like. If wet integrity is inadequate these 
tensional and torsional forces can potentially cause a substantial alteration and/or disruption in 
the phys.cal continuity of the hydrogel such that its capability of transporting fluids through the 
contiguous voids and capillaries is degraded, e.g., the gel-continuous zone or layer can be 
part, ally separated, fully separated, have. gaps introduced, have areas that are significant 
thinned, and/or broken up into a plurality of significantly smaller segments. Such alteration 
could reduce or minimize the advantageous porosity and permeability/flow conductivity 
propert.es conferred by the above described hydrogel-forming absorbent polymer. 

Good wet integrity can be achieved according to the present invention by various 
des.gns, configurations, compositions, etc., in the absorbent member having the high 
concentration of hydrogel-forming absorbent polymer, the other components in the absorbent 
core (e.g., fluid acquisition members), the other components in the absorbent article (e.g., the 
topsheet and/or backsheet), or any combination of these components. See U.S. Patent No. 
5,562,646, issued Oct. 8, 1996 to Goldman et al. 

D - Absorbent Corps 

Absorbent members according to the present invention comprising high concentrations 
of a m,xed-bed of hydrogel-forming absorbent polymers are useful alone or in combination with 
other absorbent members in a variety of absorbent cores. These other absorbent members can 
■nclude those useful for initially acquiring the discharged body fluids before these fluids are 
d.stnbuted to the fluid storage member of the absorbent core. These include absorbent members 
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that prov.de multiple fluid handling properties (e.g., fluid acquisition and distribution) or sinc.e 
flu.d handlmg properties (e.g., fluid distribution). These other absorbent members can aiso 
compr.se lower concentrations of the hydrogel-forming absorbent polymers that have the 
phys.cal properties previously specified (e.g. relatively high PUP capacitv and preferably PHL 
and SFC values as described in B (I )(b) above) or can comprise hydrogel-forming absorbent 

- polymers having different physical properties (e.g. lower PHL, PUP capacity and/or SFC 

" values). 

One suitable absorbent core according to the present invention comprises: (I) an upper 
assembly having: (a) an acquisition layer substantially free of hydrocel-formine absorbent 
polymer; and (b) an absorbent polymer layer mainly comprising a first hvdrosel-forming 
absorbent polymer that has an SFC value of at least about 4 x 10- 7 cm 3 sec/g. preferablv at least 
about 6 x 10^ cm sec/g, more preferably a, least 9 x !<r 7 cm 3 sec/ g and most preferablv at least 
1> x 10 cm J sec/g and which is present in an amount of a. least about 20 gsm; and (2) a lower 
assembly that includes: (a) an upper layer having void space for storage and redistribution of 
body flu.ds and (b) a lower layer that contains a high concentration of a mixed-bed ion-exchange 
hydrogel-forming absorbent polymers having at least the PUP capacity and preferably the PHL 
and SFC values described in B(l )( b) above and wherein at least about 70% of the total amount 
of the mixed-bed ion-exchange hydrogel-forming absorbent polymer that is in the upper and 
lower layers is in the lower half of the combined thickness of the upper and lower layers. 

One such absorbent core is shown in Figure 1. Figure 1 shows a cross-section of an 
absorbent article indicated as 10 having a topsheet 12. a backsheet 16 and an absorbent core 
md.cated by 20 positioned between topsheet 12 and backsheet 16. As shown in this Figure core 
20 comprises an upper assembly 24 and a lower assembly 28. Upper assembly 24 comprises an 
upper acquisition/distribution layer 32. and a laser 40 comprising the first hvdrogel-forming 
absorbent polymer separated from the acquisition layer 32 by a tissue layer 36 having two folds 
in the Z direction. Lower assembly 28 comprises an upper fibrous layer 44. a lower layer 48 
compnsing the mixed-bed of hydrogel-forming absorbent polymers, and a tissue layer 5"» 
Layers 32 and 40 can be separate layers as shown in Figure I or can be merged into a single 
layer and serve as a storage and redistribution assembly. As is apparent from Figure 1. it is not 
essential that the layers should be co-extensi\e. 

Acquisition layer 32 of upper assembK 24 „ , he upper effective layer of the absorbent 
core and ,s typically substantially free of h^cl- forming absorbent polymer. If hydrogel- 
fonrnng absorbent polymer is included, the amount should be kept relatively low and is 
preferably substantially free of superabsorben, mjlcnal . at least in the upper ha , f , ayer n ^ 
generally throughout most or all of its th.ckness Sec U.S. Patent 5,217,445 (Young et al) 
■ssued June 8, .993, and U.S. Patent 5,360.420. «-, Hlk ct al) , issued November , 994 ^ 
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are incorporated by reference I av^r i-> „ u r r * L ■ . » 

^ 1CICIC,ILC La\er j2 can be of foam or any other suitable porous or capillary 

material but is usuallv formed fmm r.u . , . r , rt 

- iormea rrom fibrous material. The fibrous material can be any fibrous 

material that has a suitable res.stance to load when wet, i.e. is able to maintain satisfactory void 
volume under such conditions. Particularly preferred fibrous materials for layer 32 are 

chemically stiffened fibers as descrihpH ; n Rt->\ „ • i, • 

j a> ucscnoea in B(2) above, typically in an amount of 50 to 100% by 

weight of layer 32. 

Layer 40 of upper assembly 24 can be integral with the lower part of laver 3"> but 
preferably is a separate layer and can be separated from the layer 32 by a tissue or other 
component that acts as a containment barrier for the hydrogel-forming absorbent polymer It is 
important that layer 40 allow the body fluids acquired by layer 32 to pass rapidly therethrough 
and be distributed beyond layer 40. The amount of the first hydrosel-formin* absorbent 
polymer in layer 40 should be sufficient to provide a hydrogel layer when swollen by absorption 
of body fluids in use. This first hydrogel-forming absorbent polymer is usuallv in paniculate 
form and ,s usually present in an amount of at least about 20 gsm. more typically in an amount 
of at .east about 50 gsm. Generally layer 40 should not be too thick; normally the amount of 
hydrogel-forrmng absorbent polymer is below about 320 gsm and more typically below about 
200 gsm. 

Lower assembly 28 serves as the storage and redistribution component of core ^0 and 
includes an upper, usually fibrous, layer and a layer of second hydrogel-forming absorbent 
polymer. The upper layer 44 of lower assembly 28 is generally fibrous but can be formed from 
foam or other suitable capillary or porous material, and can be formed from the same or 
different materials as layer 32. 

Upper layer 44 can be substantially or completely free of hydrogel-forming absorbent 
polymer. However it is often desirable for the upper and lower layers 44 and 48 to be formed to 
prov.de a fibrous matrix wherein more than half, and usually at least about 70%, of the 
hydrogel-forming absorbent polymer in these layers is in the lower half thereof. For example 
from about 70 to 100%, more typically from about 75 to about 90% of the second hvdrogel- 
forming absorbent polymer is in the lower 50% of combined layers 44 and 48. There can be 
some, for example, up to about 30%, of the second hydrogel-forming absorbent polymer in the 
upper half of combined layers 44 and 48. 

The first hydrogel-forming absorbent polymer, and sometimes also the mixed bed of 
hydrogel-forming absorbent polymers, is provided as a layer that comprises predominantly the 
absorbent P olymer(s). By "predominantly is meant that at least about 50%, and more typically 
at least about 70 or about 80% of layers 40 or 48 are hydrogel-forming absorbent po.ymer 
These layers of hydrogel-forming absorbent polymer can be bonded to, or otherwise supported 
by a support sheet. The distribution within layers 40 or 48 can be uniform or can be varied for 
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eZe Us r °p Vide ' Sh3Ped dCSiSn Iha ' ^ SIriPCd " Pr ° fi,ed -™n *e , y e, See for 
example, U.S. Patent 4.935.022 (Lash et al). issued . 

Layers 40 or 48 can comprise hydrogel-forming absorbent nnlvm„ • . 
dispersed wiihin , ^oroent polymer integrated w th or 

dispersed w.th.n a support sheet, such as a cellulose-based tissue or oth.r 
Th? hvHr n „ 0 i r • e or otner non-woven material 

The hydrogel-forming absorbent polymer can be integrated with ,h„ e , 
bv mechsni^i , '"^grated with the support sheet bv bondine or 

by mechan, a, means such as embossing. or calendering. Alternatively, layers 40 or 48 ca 
comprise substantia.^ only hydrogel-forming absorbent polymers. 

Additional layers can be incorporated in the absorbent core on ,„h 

Another suitable absorbent core accnrHinn ,~ ,u PO'ymer. 
'ayer structure preferab , y compris ° re " 10 ^ P ~ ■»«■« . mu „, 

absorbent ,ave,s compris . hil " "" m ""' n *™ Q) ' ^ «*<* 

. cii comprise a high concentration of a mixed-bed nf u„a i r 

^ P , vsi „, propmies spccified abovc :,^ n ^: ■ ;7-;^-"- 

and the stora e « ,me8ri ' y P ° S '' i0 " ed b — «« «.■*<*. ,ayer 

16 ,993 an U S a , PP ' Ca " 0nS S " ial N ° ° 8 " 53 -"' ' D ^oo «. a,,, filed November 

which! : P "°" N0 ' "V' 6 " 049 (D ^°° « >'). W December 8 ,993 

which are incorporated by reference. • 

The inclusion of the crimped synthetic fibers in it. . • ■ • . 
integrity, acquisition rate, absorbent capacity 1 " """'^ 

crimped synihetic fibers provide bo, „ "I"™™ Th < 

This is due ,„ the inter LZ of h c T ""^ "'"^ '"'^ 

- storage ,aye, and ^ , ^ IT T Wi ' h '" aC,UiSi,i °" 

layers for forming rtuid s„b,e bondsl l n u T, ' " *" ° f *« 

absorbent core thus provides a p,„ ^ 0 M y 1 ^ m ' ™< 

stable fibers tha, are bonded by fluid si 7 Pm '" S "" erl0Cki " g ° f fl » M 

absorbent core is a, S o bonded ^1 ^ * adjaC "; " -* H» 

absorbent article to prevent slumpin 0 t^ydr e 7" T'" "* 
•opshee, and backsnee, (in other words s, lp „ e ^ 77 ' ^ "» 

One such multi-layer absorbent co'e^s show F " ^ 

of an absorbent articie indicated as ,10 „" " F ' gUre * FiB "" 2 *™ * 

-e by , » positioned benveen topshle 2 T"" " 2 ' ' " 6 '" d - 

■opshee, '2 and backshee, 116. As sh ow„ in , h i s Figure 2 



WO 98/37149 

PCT/US98/02517 

50 



core .20 preferably comprises an acqu.si.ion/dis.ribution layer ("acquisition laver") ,30 a 
s,ora,e core layer ("storage layer") ,3, preferably positioned subjacent the acqJisiti n layer 
,0. and an .nter.ed.ate Huid stable layer (or "integrity layer") ,3, posit.oned between he 
_ layer ,30 and tne storage ,ayer ,32, al. of whicn are in Huid communication w 
each other. The acquisition aver 1 3D ran k„ „r • li 

, , y 130 can be °f any suitable size and need not extend the full 

ength or w.dth of the storage , a y= r ,32. The .cquisition , a ycr ,30 can, for example , b 

f ™ or a itr , P „ r patch . In , he embodimen , shown . n Fjgure 2 

shown as a sincle patch fi e web or ch^M ~r . ~ 

- p u e., web or sheet) of nonwoven material. U should be understood 
however, thai the acquisition layer 130 need no, be a single sheet 

In addition, in other embodiments, rather than being a separate layer tha, is ,oca,ed on top 
Of the storage la.ver ,32. the acquisition layer ,30 can be an Integra, ,ayer (or component, tha 
om p , ,h top layer of , laminated storage ,,yer ,3, ,„ this regard, i, sbo ,d all 
understood ,„„ ,h= multip.e ,ayer absorbent core ,:„ can be used as the entire core or i, can 
used as one or more layers in a layered core construct™. The multiple ,ayer absorbent cor 2 
can also be constructed without the acquisition layer 130. 

The overa,. acquisition layer .30 is preferab.y hydrophi.ic. but can have hydrophobic 
components. The acquisition ,ayer ,30 can comprise a woven materia,, a nonwoven mat i 
any other suitable type of material Prefer.Mv ,h. •■• , materia,, or 

materia, w„,„ ,h • Prefe »°'y- aequtsitton layer 1 30 comprises a nonwoven 

num 7lZ a """ S " , °" y " C ° mPriSeS ' n ° nWO "" " « - ~* * a 

numb , of d.fferent processes. These inCude. bu, are no, ,i m i,ed to we, ,aid. ai, ,a d 

™„b,ow„. spunbonded, carded (the larter ,„c,„di„ g . ,„erm a „y bonded, through-air bonded' 
powder bonded, ,a,ex bonded, solvent bonded, or spunlaced). The latter processes g 
P-bonding and carding, can be preferred if i, desired to orient the fibers in the acquis , ion' 
layer because „ is easier to orient the fibers in , sing,, direction i„ such processes 

In one preferred embodiment. ,c„„isi„o„ la.ver ,30 comprises a. leas, some fibers that 

7aff dT'?" dS ^ ^ "" U,d SUb " ^ " - — » ^ * • 

the, c fi ers, w„h crimped synthetic fib^ ^ „ pecMy 
cqu,s„,on ,ayer ,30 with softness and resiliency. Crimed synthetic fibers are a,so preLd 
because , hey can in.er.ock to provide the ac,u,s„io„ ,ayer ,30 with increased integrity The 
aequtsttton ,ayer ,30 shown in Fig „ re 2 ^, mMy $ , ^ symhet^ fibers 

and etther natural fibers or cross-linked cellule fibers. 

1" one preferred embodiment, the , ayer l30 comprises a blended layer 

The pTt rt , S ' 80% ° f c,,h " " rfe " or chOTica,ly s,ifftd n»=" 

The PET fibers preferably have a denier per fiber „f about 40. an unerimped length „f about 0 5 
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inch (about 1.3 cm), a crimp frequency of about 6 crimps per linea, inch (2.54 cm), and a crimp 
angle of about 88°. K 

While the preferred material for the crimped fibers in this embodiment is PET, alternative 
embod.ments can be any non-water absorbing material that has a wet stiffness similar to PET 
Other suitable materials for use as the crimped fibers include, but are not .imited to 
polypropylene, nylon, polyethylene, and bicomponent fibers. In addition, the denier of the 
fibers preferably ranges from about I 1/2 or 2 dpf to about 30 dpf. The uncrimped length of the 
fibers preferably ranges from about 0.25 inch (about 0.6 cm) to about 2 inches (about 5 cm) 
The enmp frequency is preferably between about 5 and about .5 crimps per linea. inch The 
enmp angle preferably ranges from about 60° to about ,00°. The amount of crimped fibers in 
the acquisition .aver can range from about 5% to about 90%. and to be practica. for use in 
disposable absorbent articles from a cost standpoint preferably ranges from about .0% to about 
:>u/ 0> and most preferably about 20% to about 40%. 

Acquisition layer .30 can be substantially undensifled during the process of 
manufacturing the diaper. , n a , temative embodiments, the acquisition layer .30 can be 
dens.fied I by compressing it to densities ranging up to as high as about 4.8 g/cubic inch (about 
O.j g/cm^X or more. 

Further variations can be desirable when the acquisition layer !30 is used in certain types 
of absorbent artic.es. In one embodiment that is preferred when the absorbent article comprises 
a sanuary napkin, the acquisition layer 130 preferably comprises a spunlace nonwoven web 
comp riS ed of permanently wertable fibers. Preferably, the acquisition layer .30 is a 30 g/yard2 
g/m ) PET spunlace nonwoven web. Spunlaced fabrics of this type are manufactured bv the 
Veratec Company of Wa.po.e, Massachusetts. The spun.ace nonwoven web is formed in such a 
way that most of the fibers are oriented in a sing.e direction, such as the longitudinal direction 
for preferential wiping. The fibers of this preferred acquisition layer .30 materia, are made of 
a PET resm and are coated with a proprietary permanently wertable finish known as CELWET 
These fibers are obtained from the Hoechst Ce.anese Corporation of Charlotte, North Caro.ina ' 
An opnonal intermediate fluid stable layer 134 is preferably located between the 
acqu.sition layer 130 and the storage .ayer .32. Layer 134 serves two main purposes- (.) as a 
supports substrate for the adjacent acquisition layer .30 and the storage layer 132 and- and (2) 
a structure to which fluid stab.e bonds can be formed with the synthetic fibers in the acquisition 
layer .30 and storage layer .32. Layer .34 preferab.y retains a high degree of its integrity when 
wet, should not interfere with fluid movement from the acquisition layer .30 into the storage 
layer 132, and is also preferably flexib.e so that the flexibility of the absorbent article is 
substant.al.y unaffected by the presence of the fluid stab.e ,ayer .34. , n one preferred 
embodiment, layer 134 is a spunbonded polyester nonwoven web 
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A commercially available spunbonded polyester nonwoven web suitable for use as fluid 
stable layer 134 is a material known as REEMAY® 2055 sold by Reemay. Incorporated of Old 
H,ckory, TN. This material has a basis weigh, of about 0.55 oz./y d 2 (about 18.6 g/ m 2) and is 
composed of 4 denier per fiber tri-lobal cross-sectionally shaped fibers. The REEMAY web is 
similar to the material that is used in BOUNCE® dryer sheets manufactured by The Procter & 
Gamble Company of Cincinnati, Ohio under U.S. Patents 4,073,996. 4,237,155, and 5 094 761 
A key factor in selecting the polyester nonwoven web is its perviousness. The REEMAY web 
also contains inter-fiber spaces that are of sufficient size to permit some of the fibers in the 
acqu.s.t.on layer 130 to penetrate into the storage layer 132 and some of the fibers in the storage 
layer 132 to penetrate into the acquisition layer 130. 

In alternative embodiments, layer 134 can be comprised of other non-water absorbing 
-m.ten.ls that are similar to polyester. Examples of suitable materials for use as .aver 134 
•nclude, but are not limited to polypropylene, nylon, and polyethylene. In addition m other 
.. embod.ments instead of using synthetic materials, layer .34 can comprise a high wet strength 
ow stretch (i.e., low extensibility), tissue provided in a structure in which the bonds between the 
h.gh wet strength tissue and the adjacent acquisition layer 130 and storage layer 132 remain 
strong when wet. 

In alternative embodiments, a high wet strength adhesive can be used' with any of the 
other types of fluid stable layers 134, including but not limited to the REEMAY® material In 
addmon, in other alternative embodiments, layer 134 can be a nonwoven materia, made by 
another suitable process. In still other embodiments, layer 134 can be some type of materia, 
other than a nonwoven. For example, layer 134 can comprise a scrim or a net. 

Further, the location of the fluid stable layer 134 within the absorbent core can vary in 
different embodiments. Layer 134 is preferab.y positioned between the acquisition layer 130 
and the storage layer 132. In other embodiments, however, .ayer 134 can be positioned adjacent 
other faces of the components of the mu.ti-.ayer absorbent core 120. Further, if the components 
of the multi-layer absorbent core 120 such as the acquisition layer and storage .ayer comprise 
more than one layer, the fluid stable layer .34 can be positioned between the layers comprising 
such components. In still other alternative embodiments, layer 134 can comprise more than one 
layer. In this case, the additional layers could be inserted between any of the components of the 
absorbent article. 

In still other alternative embodiments, fluid stable layer 134 can be eliminated in which 
case the synthetic fibers in the acquisition layer .30 and storage .ayer ,32 can be bonded 
directly to each other. ,n these latter embodiments, the moisture insensitive fibers in the 
-equ.stt.on layer .30 will be bonded to other moisture insensitive fibers, the synthetic fibers in 
the storage layer 132. 
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The storage layer 132 is preferably positioned between the acquisition layer 130 and the 
backsheet of the absorbent article. Storage layer 132 provides the means for absorbing and 
contam.ng body fluids and is generally at least slightly resiliency compressible (but preferably 
not collapsible), conformable, and non-irritating to the user's skin. This storage layer 132 can be 
referred to as a "blended" .ayer. Storage layer 132 comprises a web or ban of fibers, preferablv 
m the form of a homogeneous blend of fibers. Blended storage layer 132 is comprised of at 
least rwo groups (or types) of fibers. These include a first group (or type) of fibers and a second 
group (or type) of fibers. The first group of fibers comprises low denier, relatively short 
hydroph.hc fibers. The second group of fibers comprises from about 5%. preferablv at least 
about .0 or 20%. to about 90% of the fibers in the storage layer, of higher denier long er 
mo.sture insensitive synthetic fibers. (The percentage of fibers in storage laver .3- refers to the 
relanve weight of the fibers only, and does no, inc.ude the weight of anv hvdroge.-forming 
absorbent polymer.) The b.end ratio of the two groups of fibers can be varied to produce the 
pamcular properties desired for different types of absorbent articles. These components and 
propert.es of the storage layer 132 are discussed in greater detail below. 

The fibers in the first group of fibers can have various .engths and deniers provided that 
these properties of the fibers are less than those of the fibers in the second group of fibers The 
fibers ,n the first group of fibers preferably have a length of less than or equal to about 1/2 inch 
(about 1.3 cm), more preferably less than or equal to about 1/4 inch (about 0.6 cm) The fibers 
m the first group of fibers preferab.y have a denier per fiber (or per filament) of less than or 
equal to about 15, more preferably .ess than or equal to about 10. and most preferab.y .ess than 
or equai to about 2. 

The first group of fibers can comprise natural fibers such as cotton or cellulose The 
cellulose fibers can be in the form of comminuted w 0od pulp fibers known as airfelt The first 
group of fibers can a.tematively or additiona.lv comprise synthetic fibers, inc.uding but not 
limited to, PET, polypropylene, polyethylene, rayon, chemical thermal mechanical pulp ( or 
CTMP" or TMP"), ground wood, or cross-linked cellulose fibers. The fibers in the first group 
of fibers are either inherently hydrophilic. or can be rendered hydrophi.ic by treating them in 
any of the manners described previously. 

Performance is improved by selecting a relatively stiff fiber that maintains a substantial 
pon.on of us compression resistance when vetted for the fibers in the first group. (That is the 
fibers should have a high compressive m.xJulus , Preferably, the fibers selected are both 
compress.on resistant under wet and dry condm,,, and are wet and dry resilient (i.e., they tend 
to both rests, compression and to spring back .hen compressed). Chemical.y stiffened fibers 
are especially preferred for these criteria. 
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The fibers in the second group of fibers are generally longer than the fibers in the first 
group of fibers. The fibers in the second group of fibers should also be of high compressive 
modulus and should maintain a relatively high modulus when wetted. The fibers in the second 
group of fibers should also preferably be wet and dry resilient. Suitable fibers for inclusion in 
the second group of fibers include, but are not limited to synthetic fibers comprised of any of 
those materials specified above as being suitable for use as the fibers of the acquisition layer 
130. (Fiber lengths, denier, etc. can be the same, but are not necessarily the same. For example, 
the synthetic fibers in the acquisition layer can have one denier (e.g., a denier of about 15) for 
aiding in the acquisition of fluids and for greater resiliency, and the synthetic fibers in the 
storage layer can have a lower denier, such as about 2. Some preferred fiber lengths, etc. for the 
synthetic fibers in the storage layer are described below.) 

Preferably, the fibers in the second group of fibers have an uncrimped length of greater 
than or equal to about 1/4 inch (about 0.6 cm) long, more preferably greater than or equal to 
about 1/2 inch (about 1.3 cm). The denier of the fibers in the second group of fibers is 
preferably greater than the denier of the fibers in the first group of fibers. The fibers in the 
second group of fibers preferably have a denier per fiber of between about 1 1/2 or 2 and about 
50 or 60, and more preferably between about 6 and about 40. More preferably still, the denier of 
the fibers in the second group of fibers is between about 12 or 15 and about 30, and most 
preferably is between about 12 and about 25. 

The fibers in the second group of fibers are fluid insensitive. That is, the fibers in the 
second group of fibers are not substantially affected by the presence of moisture (and, thus, will 
not collapse when wetted). These fibers may, however, transport fluids along their surfaces. 
The fibers in the second group may be hydrophilic, hydrophobic, or partially hydrophilic and 
partially hydrophobic. The fibers in the second group of fibers preferably have at least some 
hydrophilic component (which may be a cellulosic component). The fibers in the second group 
of fibers can be provided with a hydrophilic component in a number of suitable ways. These 
include, but are not limited to coating or treating the fibers to render them, or at least their 
surfaces, hydrophilic. 

One suitable type of synthetic fibers for use in the second group of fibers is crimped 
polyester fibers. Suitable synthetic fibers are those formerly available from Eastman Kodak 
Textile Fibers Division Kingsport, TN as the KODEL® 200 and 400 Series PET fibers. One 
suitable type of synthetic binder fiber is the KODEL® 410 fiber. A suitable polyester fiber is 
the KODEL® 43 1 fiber. These KODEL® fibers have a denier of 1 5 per filament and a length of 
about 0.5 inch (about 1.3 cm) and are preferably crimped at a crimping frequency of between 
about 5 and 8, preferably about 6, more preferably 6.3 crimps per linear inch (i.e. per 2 5 cm) 
The fibers are preferably crimped at a crimping angle of between about 70° to about 91° more 



WO 98/37149 

PCT/US98/02517 

55 



preferab,y about 8S °. Crimping provides the fibers with improved rcsilience . am0 

properties. The fibers may be coated with a hydrophiiic or hydrophobic fi„ ish by any 
suitable method known in the art. y > 

In alternative embodiments, i, is possible ,„ replace the natural fibers in the (Irs, group of 

»"8= ayer ,32 ,„ such embodtments would consist of short, low denier, hydrophific first 
roup of synthetic fibers (such as polyester fibers with a CELWET® finish, „d L £ 
denier second group of crimped synthetic fibers. ' 6 ' " 

The blended storage ,ayer ,32 also contains hydrogel-forming absorbent poivmers in 
antounts as previous* se, fonh in C(„ above. The blended storage ,ayer ,32 is a,s p Zb 
pressed ,„ a density of a, ,eas, about 1.5 g,cubic inch .about 0.0, g,cm\ The J 
32 can be compressed ,„ densities a, leas, as high as about 4.0 g,cubic inch (about 0 ^5 JZ\ 
improve fluid wicking ( ,ha, is, distribution of fiuids to other parts of the storage ^ r^l 
snll ma,„,„„,„ g good sofiness and flexib , |ity ^ - ^> «** 

compressed to densities up to as high as about 5.6 g/in 3 to about 6.4 J (about 0 35 J3 
.*» 0.O gW,. These higher density cores can become rather stitt howel Wore f 
» age ayer , 2 is compressed to densities of about 0.35 ^ to about 0.40 gW ' ' 

ferably mechanically flexed or otherwise manipulated ,„ make i, more flexible! L 
laced ,n use. (For simplicity, the density values specified above do no, include the J h 
ny parties of hydrogel-forming absorbent po.ymer. The over,,, dens.ty of the storage t« - 
js, w, be 8 rea„y affected by the amoun, of hydrogel-forming absorben, po,yme i 
-age layer, making i, impractica, to anemp, ,o express an a„-,„c,usive ovll, , * 0 
density for the storage layer.). range of 

layer mfZZZT" "'^ h * w ^ b ' m «« l20 - •«.««-*», 

ay r 3 . fi„,d stable layer , 34, and s.orage layer , 32, are preferab.y held together by , hesives' ' 
PP.,= between the adjacent faces of the components. The bonds between the componen 
h rnultiple , ay bsorbent core |20 „ e panicubHy shown h ^ ^ = ^ « £ 

, by adhesive ,66. The garment-facing side of the acquisition layer 130 is bonded ,„ the 

body-facng side of the fluid stable layer 134 by adhesive ,67 Th , ■ ° ,ht 

/n • i , , J oy aanesive 167. The garment- fac ne side of the 

i;i b ; ay ;' 3 ^ r: r ^ ,o ,he **** ^ «*- — " 

aanesive 168. The multiple ayer absorbent im • i ,. 

t« u . , , , aosorbent core 120 is also preferably adhered between the 

topsheet 1 12 and backsheet 116 bv adhesive c oerween the 

i * j u adhes.ves shown as layers 166 and 169. These adhesives are 

appl.ed between the multiple layer absorb, ,™ aanesives are 

c , trf , , absorbent core 120 and the respective inwardly facine 

surface (or garment- facing side) the topsheet in/ a u , L 8 

of the backsheet H6. ^ """'^ ab0Ve) and the bod ^ acin g side 
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The adhesives are shown schematically as layers in Figure 2 for simplicity. The 
adhesives, however, need not be applied only in the form of layers. The adhesives can be 
applied in any of the manners described with relation to the adhesives used to bond the 
acquisition layer to the topsheet (e.g., spirals, etc.). In addition, other types of attachment means 
can be used. The components of the multiple layer absorbent core can be adhered together by 
any of the attachment means that are described above with relation to adhering the acquisition 
layer to the topsheet. It should also be understood that the various different layers of the 
multiple layer absorbent core need not all be attached by the same type of attachment means. 
The layers of the multiple layer absorbent core can be attached to each other by different 
attachment means and/or if adhesives are used, different types of adhesive applications/patterns 
can be used between layers. In the preferred embodiment shown in Fig. 2, the layers of the 
multiple layer absorbent core are preferably held together by an open pattern network of 
adhesive filaments comprising several lines of adhesive filaments swirled into a spiral pattern. 

The crimped synthetic fibers in acquisition layer 130 and storage layer 132 serve an 
important role in the wet integrity of the components of the multi-layer absorbent core 120. The 
crimped synthetic fibers in the acquisition layer 130 and storage layer 132 should preferably be 
long enough to form at least portions of the surfaces of these respective components. The 
synthetic fibers will typically be long enough to form at least a portion of thcsurface of a given 
layer if they have lengths that range from lengths that are equal to the thickness of the layer that 
they comprise up to lengths that are greater than or equal to 50% more than the- thickness of the 
layer they comprise. 

The synthetic fibers (or portions thereof) that form part of the surface of the acquisition 
layer and the storage layer are available to be bonded with adhesives to the adjacent layers. 
Since the synthetic fibers are moisture insensitive, they will be able to form fluid stable bonds 
(not shown) to the topsheet 1 12. This will ensure that the bonds do not fail when the absorbent 
article 1 10 is wetted by bodily exudates. Fluid stable bonds will also be formed between the 
garment-facing surface of the acquisition layer 130 and the fluid stable layer 134 (or if there is 
no intermediate fluid stable layer, to the body-facing surface of the storage layer 132). The 
crimped synthetic fibers will also form fluid stable bonds between the garment-facing surface of 
the fluid stable layer 134 and the body-facing surface of the storage layer 132. Fluid stable 
bonds will also be formed between the garment-facing surface of the storage layer 132 and the 
body-facing surface of the backsheet 116. 

The topsheet, fluid stable layer, and backsheet are also fluid stable in that they generally 
resist stretching when wet and are able to serve as supporting substrates for the other layers such 
as the acquisition layer 130 and the storage layer 132. The acquisition layer 130 and the storage 
layer 132 are subject to stretching and being pulled apart under the forces associated with 
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weanng and loading of absorbent article , .0 with body fluids. The acquisition layer 130 and 
storage layer 132, however, are bonded to these fluid stable layers at fixed fluid stable bond 
sues. The acquisition layer and storage layer are, thus, in effect, anchored to the topsheet 
backsheet, and intermediate fluid stable layer in such a manner that the bonding ties these 
nonwoven layers to fluid stable layers. The acquisition layer and storage layer are, as a result 
able to utilize the resistance to stretching of the adjacent substrates to resist intra-laver 
- separate (e.g., failing by an elongation or strain-related failure mechanism) due- to the forces 
associated with wearing of absorbent article 1 10 such as bending of the article, wearer activity, 
and loading of the article with body fluids. 

The construction of the multiple layer absorbent core described above, thus, provides an 
.nterlockmg. compression resistant, fluid stable matrix of synthetic fibers and fluid stable 
components that are inter-connected and remain inter-connected during use. The multiple layer 
absorbent core 120 is, thus, resistant to both compression and to tensional forces (i e strain- 
related forces) so that it maintains its void volume and can stay in its prior-to-use condition 
when wetted and under the loads associated with wearing the absorbent article. 

Another suitable absorbent core according to the present invention involves a primary 
core mtegrity layer, preferably formed of a continuous mesh of meltblown material that 
envelopes the core to provide improved core integrity, especially when wet. See- U.S Patent 
5.387,208 (Ashton et al), issued February 7, 1995, which is incorporated by reference The 
primary core integrity layer that is preferably joined to a chassis component of the absorbent 
amcle, preferably directly joined to the topsheet. The bond between the primary core integrity 
layer and the chassis component is preferably relatively cohesive and therefore tends to retain its 
strength in use such that the absorbent core has a reduced tendency to separate from the chassis 
component(s). In addition, the absorbent core components have a reduced tendency to slip away 
and/or separate from one another, particularly upon wetting. 

The absorbent core enveloped by the primary core integrity layer preferably comprises 
muluple absorbent layers (one of which absorbent layers comprises a high concentration of a 
m,xed-bed of hydrogel-forming absorbent polymers having at least the PUP capacity and 
preferably PHL and SFC values described in B(l)(b) above) with at least one secondary' core 
mtegnty layer positioned between one or more of the absorbent layers. In a particularly 
preferred embodiment, this absorbent core comprises an acquisition/distribution layer a storage 
layer, and a tissue layer positioned between the acquisition/distribution layer and the storage 
layer. The secondary core integrity layer is preferably positioned between the 
acquisition/distribution layer and the tissue layer. 

The primary and secondary core integrity layers are preferably formed from a 
thermoplastic material, more preferably a hot-melt adhesive such that the core integrity layers 
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can be readily formed on-line during construction of the absorbent article. More preferably, the 
core integrity layers are formed from a hot-melt, elastomeric adhesive. Elastomeric, hot-melt 
adhesives tend to be flexible such that there is a reduced tendency for adhesive and/or cohesive 
failure of the bonds effecting joinder in the article (relative to non-elastomeric adhesives). As a 
result, the absorbent core has an enhanced tendency to remain in place and to retain its integrity. 
Most preferably, the core integrity layers are formed from an elastomeric, hot-melt, pressure- 
sensitive adhesive. The tack of the pressure-sensitive adhesive further reduces the tendency of 
absorbent core components adjacent the primary or secondary core integrity layers to separate 
from other absorbent article components, and is particularly effective in reducing 
slippage/separation of the acquisition/distribution layer from the storage layer. 

One such absorbent core is shown in Figure 3. Figure 3 shows'a cross-section of an 
absorbent article indicated as 210 having a topshee, 212. a backsheet 216 and an absorbent core 
indicated by 220 positioned between topsheet 212 and backsheet 216. As shown in this Figure, 
core 220 is shown as comprising a storage layer 280 that comprises the high concentration 
mixed-bed of hydrogel-forming absorbent polymers, tissue layer 270, and 
acquisition/distribution layer 250. As also shown in Figure 3, core 220 also has a primary core 
integrity layer 230 and a secondary core integrity layer 240. The primary core integrity layer 
230 is positioned between the backsheet 216 and the storage layer 280. The secondary core 
integrity layer 240 is positioned between the acquisition/distribution layer 250 and the tissue 
layer 270. As also shown in Figure 3, the primary core integrity layer 230 extends beyond and 
envelopes the side edges of acquisition/distribution layer 250, the side edges of tissue layer 270, 
the side edges of storage layer 280; and the garment facing surface of absorbent core 220. 
Figure 3 also shows construction adhesive layers 290. 292, 294, and 296 

As shown in Figure 3, the secondary core integrity layer 240 is joined to the tissue layer 
270 by construction adhesive layer 292. The secondary core integrity layer 240 is .positioned 
adjacent the acquisition/distribution layer 250. Depending on the bond strength of the secondary 
core integrity layer 240 material to the acquisition/distribution layer 250. the secondary core 
integrity layer 240 may be joined to the acquisition/distribution layer 250 by the hot-melt or 
pressure-sensitive properties of the preferred secondary core integrity layer 240 material. 

As further shown in Figure 3, the tissue la>cr 270 is joined to the storage layer 280 by 
construction adhesive layer 294. The primar> core .ntcgrity layer 230 is positioned adjacent the 
storage layer 280. Depending on the bond vtrength of the primary core integrity layer 230 
material to the storage layer 280, the priman. core integrity layer 230 can be joined to the 
storage layer 280 by the hot-melt or pressure- sensmve properties of the preferred primary core 
integrity layer 230 material. 
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As further shown in Figure 3. the acquisition/distribution layer 250 is joined to the 
topsheet 212 by construction adhesive layer 290. The primary core integrity layer 230 is joined 
to the backsheet 216 by construction adhesive layer 296. and to the topsheet 212 by the hot-melt 
or pressure-sensitive properties of the primary core integrity layer 230 material. 

As shown in Figure 3, construction adhesive layer 290 extends outside the side edges of 
the acquisition /distribution layer 250 and inside the side edges of tissue layer 270. Construction 
adhesive layer 290 can be wider than the tissue layer 270 so as to effect joinder of the primary 
core integrity layer 230 to the topsheet 212. However, for economic reasons a separate 
application of a construction adhesive will usually be made to effect such joinder. Construction 
adhesive layer 292 is shown in Figure 3 to extend in the same manner as construction adhesive 
layer 290. Construction adhesive layer 294 extends inside the side edges of the storage layer 
280. and for economic reasons preferably extends a maximum lateral distance of up to about the 
narrowest width of the storage layer 280 in the crotch region of the absorbent core. As shown in 
Figure 3, construction adhesive layer 296 extends inside the side edges of the primary core 

can alternatively extend outside the side 
edges of primary core integrity layer 230 in order to effect joinder of backsheet 1 16 to the 
topsheet 212. In a preferred embodiment, construction adhesive layers 290. 292. 294, and 296 
are applied over the entire length (not shown) of at least one of the acquisition/distribution layer 
250, tissue layer 270. storage layer 280, backsheet 2 1 6, or topsheet 212. 

The primary core integrity layer 230 that preferably envelopes at least one layer of the 
absorbent core 220 and which is joined, preferably directly joined, to a chassis component (e.g.. 
the topsheet 212 or backsheet 216) of the absorbent article. The primary core integrity layer 230 
tends to improve the integrity of the absorbent layers that it envelopes. Thus, in a preferred 
embodiment, the primary core integrity layer 230 envelopes each of the layers of the absorbent 
core 220. The following description is therefore directed to a primary core integrity layer that 
envelopes each of the layers of the absorbent core 220. It should be understood, however, that 
improvements in absorbent core integrity can be obtained by using a configuration in which the 
primary core integrity layer envelopes only one or some of the absorbent layers of the absorbent 
core 220. For example, the integrity of an acquisition/distribution layer 250, and thus of the 
absorbent core 220 incorporating the same, can be improved by enveloping only the 
acquisition/distribution layer 250 with the primary core integrity layer 230. In addition, a 
primary core integrity layer that does not envelope any of the absorbent core layers can be used 
to improve the absorbent core integrity. For example, the surface area dimensions of the 
primary core integrity layer can be less than those of each absorbent core layer (the primary core 
integrity layer would then be positioned and joined as described herein for a secondary core 
integrity layer that does not envelope any of the absorbent core layers). However, it is believed 
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that enhanced absorbent core integrity is achieved where the primary core integrity layer 
envelopes at least one absorbent core layer, such that this embodiment is preferred. 

By "enveloped," it is meant that primary core integrity layer 230 encloses or surrounds 
at least a portion of the absorbent core 220 (or layer thereof). In a preferred embodiment, the 
primary core integrity layer 230 envelopes at least a portion of the side edges of absorbent core 
220 and at least one of the surfaces of the absorbent core. The primary core integrity layer 230 
will typically envelope the side edges of one or more layers in the Y-2- dimension. 

The primary core integrity layer 230 additionally serves to hold the absorbent core 220 
in a relatively stable position, since the absorbent core will be physically constrained by the 
primary core integrity layer. It is also believed that primary core integrity layer 230 helps to 
maintain the adhesive bonds that typically join the absorbent core and chassis component of 
absorbent articles, e.g., where a construction adhesive is used to join these components. The 
primary core integrity layer is particularly useful in maintaining the integrity- of the adhesive 
bonds typically joining cellulosic fibers of absorbent core 220 to a polymeric chassis, more 
particularly a chassis formed of or coated with a synthetic polymeric material (hereinafter 
"synthetic polymeric chassis"). 

Since the primary core integrity layer 230 forms a relatively strong bond and physically 
constrains absorbent core 220. the primary core- integrity layer tends to ^reduce the forces 
encountered by the relatively weak, cellulosic fiber-construction adhesive-polymeric chassis 
bonds such that these latter bonds have a reduced tendency toward breakage. Further, if the 
cellulosic fiber-construction adhesive-polymeric chassis bonds do fail, the relatively strong 
primary core integrity layer-chassis bond tends to retain the absorbent core in a relatively stable 
position. Thus, the absorbent core has a reduced tendency to separate from the chassis 
component. This positive effect on adhesion can be particularly important when the absorbent 
article is wetted. When the cellulosic fibers and hydrogel-forming absorbent polymer that are 
incorporated into the absorbent core expand upon wetting, the forces exerted by the expanding 
cellulosic fibers and hydrogel-forming absorbent polymer tend to cause a loss of adhesion 
between the fibers, hydrogel-forming absorbent polymer, and chassis (adhesive failure tends to 
occur between the fibers and/or hydrogel-forming absorbent polymer and the construction 
adhesive, rather than the chassis and construction adhesive). 

By effectively constraining the absorbent core, the primary core integrity layer 230 also ' 
reduces the tendency of the other layers in absorbent core 220 to slip away and/or separate from 
one another. This tendency toward slippage and/or separation is further reduced where the 
primary core integrity layer comprises a tacky, pressure-sensitive material. It is believed that 
the above described physical constraint, relatively strong primary core integrity layer-chassis 
bond, and/or tack reduce the tendency of the absorbent core or components thereof to slump, 
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break, and/or rope. As a result, the absorbent core is more ,ff„„- , •■• A ■ , 

tuic is more ettectivelv utilized such that the 

absorbent article has improved absorption characteristics and reduced leakage. 

The primary core integrity layer 230 comprises a continuous, fluid' pervious mesh of 
thermop.ast.c material. The thermoplastic material is preferably a hot-melt adhesive more 
preferably a hot-melt, pressure-sensitive adhesive. The thermoplastic material is also preferably 

elastomeric. 

By "mesh", it is meant that the thermoplastic materia! is in the form of strands that are 
•nterconnected to form apertures. As formed by a meltb.own process, the individual strands are 
preferab.y sinuous (wavy) and oriented in substantially the same direction with at least some 
crossw.se hnkmg to form an intertwining web of the strands. "Strands" is meant to include 
fibers, threads, filaments, and other forms that have a re.ative.y .arge longitudinal to cross- 
secnona. dimension. By "fluid pervious mesh," it is meant that the mesh has a sufficient number 
of apertures of sufficient size per unit area to al.ow relatively unimpeded fluid transport through 
the mesh. Thus, the mesh typically has a basis weight as described herein. 

By "continuous" mesh, it is meant that substantially all of the strands are connected to at 
least one other strand. Typical.y, the strands are cohesively connected at each of the points 
where the strands intertwine. (As understood in the art, cohesion refers to the force that holds 
adjacent molecules of a single material together. As used herein, "relatively cohesive" bonding 
« believed to result from the force of attraction between two or more similar materials, e.g., two 
or more synthetic polymeric materials.) 

Various thermoplastic materials such as are known in the art can be used for making 
primary core integrity layer 230. Examples of thermoplastic materials include polymers of 
ethylemca.ly unsaturated monomers such as po.yethy.ene, po.ypropy.ene, polystyrenes 
polyv.nyl chloride, polyvinyl acetate, po.ymethy. methacry.ate, polyethy. acrvlate' 
polyacrylonitrile, and the like; copolymers of ethy.enicaliy unsaturated monomers such as 
copo.ymers of ethylene and propylene, styrene, or- polyvinyl acetate; styrene and maleic 
anhydnde, methyl methacry.ate, ethyl acrylate, or acrylonitrile; methyl methacrylate and 
ethylacrylate; and the like; po.ymers and copolymers of conjugated dienes such as 
polybutadiene, polyisoprene. polychloroprene. styrene-butadiene rubber, ethylene-propylene- 
d.ene rubber, acrylonitrile-styrene butadiene rubber and the like; saturated and unsaturated 
polyesters mc.uding alkyds and other polyesters; nylons and other poiyamides; polyesteramides 
and po.yurethanes; chlorinated polyethers; epoxy polymers; and cellulose esters such as 
cellulose acetate butyrate, and the like. Blends of thermoplastic materials can also be used 
-ncludmg. but not limited to, physical mixtures and copolymers. Particularly suitable' 
thermoplastic materials include polyethylene, polypropylene, polyesters, ethylene vinyl acetate 
and blends thereof. ' 
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Various hot-melt adhesives such as are know in the art can also be used. Hot-melt 
adhesives are typically based on one or more types of thermoplastic materials, such as those 
described above. Thus, the hot-melt adhesives used herein can be a thermoplastic material or a 
composition comprising a thermoplastic material. The various hot-melt adhesives known in the 
art are suitable for use herein. 

The thermoplastic material is preferably elastomeric. Elastomeric materials are believed 
to be particularly useful for maintaining the integrity of the absorbent core while the absorbent 
core is subjected to fiexural or torsional forces such as encountered in use. More particularly 
elastomeric adhesives are believed to have better adhesion to the absorbent article components 
than non-elastomeric adhesives, particularly under the dynamic conditions encountered in use of 
the absorbent article. By "elastomeric," "elastic," etc., it is meant that the materia, is able to be 
stretched to at least twice its original length and to retract to approximately its original leneth 
when released. Exemplary elastomeric, hot-melt adhesives include thermoplastic elastomers 
such as ethylene vinyl acetates, polyurethanes. polyolefin blends of a hard component (generally 
a crystalline polyolefin such as polypropylene or polyethylene) and a soft component (such as 
ethylene-propylene rubber); copolyesters such as poly (ethylene terephthalate-co-ethylene 
azelate); and thermoplastic elastomeric block copolymers having thermoplastic end blocks and 
rubbery mid blocks designated as A-B-A block copolymers: mixtures of structurally different 
homopolymers or copolymers, e.g., a mixture of polyethylene or polystyrene with an A-B-A 
block copolymer; mixtures of a thermoplastic elastomer and a low molecular weight resin 
modifier, e.g., a mixture of a styrene-isoprene-styrene block copolymer with polystyrene; and 
the elastomeric, hot-melt, pressure-sensitive adhesives described herein. Elastomeric, hot-melt 
adhesives of these types are described in more detail in U.S. Patent 4,73 1,066 (Korpman) issued 
March 15, 1988, which is incorporated by reference. 

Preferred hot-melt adhesives for forming the primary core integrity layer are hot-melt 
pressure-sensitive adhesives. Hot-melt, pressure-sensitive adhesives, as understood by those of 
ordmaxy skill in the art, have some degree of surface tack at use temperatures. These tacky 
materials typically have a viscosity at room temperature (about 20°C to about 25°C) which is 
sufficiently low to permit good surface contact yet high enough to resist separation under stress 
typ,caliy on the order of I0«-10« centipoise. Due to their surface tack, the pressure-sensitive 
adhe S1 ves used herein tend to increase the coefficient of friction between -absorbent article 
components that may be adjacent to the pressure-sensitive adhesive, for example, the absorbent 
core layers. In addition, the pressure-sensitive adhesives provide manufacturing flexibility since 
joinder of the primary core integrity layer to other absorbent article components can then occur 
via the pressure-sensitive properties of the adhesive after the adhesive has solidified. Various 
hot-melt, pressure-sensitive adhesives are known in the art and are suitable for use herein. 
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Preferred hot-melt, pressure-sensitive adhesives are aic~ ~i . t-i 

t aunciivcs are also elastomeric. Elastomeric hot- 
melt, pressure-sensitive adhesives are disclosed in the 9 hnv» r , ■ 

uiitiosea in tne above referenced and incorporated U S 

Patent 4,731,066, and include those materials based nn th„™ . .• u, ■ 

icudis oasea on thermoplastic block copolymers 

polyacrylates, and ethylene vinyl acetate Suitable h»«,«t, ■ u 

' suitable elastomeric, hot-melt, pressure-sensitive 

adhesives include the A-B-A block copolymer based adh^Iv^ ,u , t . 

K^i/mcr oasea aanesives that are specified as H-2085 and 

H-2031 by Findley Adhesives, Inc., of Wauwatosa, WI. 

The primary core integrity layer 230 can be formed using a meltblown fiber process 
Meltblown fiber processes and equipment are generally kn0 w n in the an. In genera, the 
thermoplastic materia, is heated to and held a, a temperature sufficient to allow meltblown 
processmg, typically at least until the materia, is in a .iquid or molten state (melt/liquefaction 
temperature). (,„ genera., the selection of any given temperature in the meltblown process is 
hmited by the degradation temperature of the particular thermoplastic material being processed ) 
The mo.ten/.iquefied materia, is extruded under pressure (gun pressure) through orifices in a 
meltblown g.ue gun. Upon extrusion, the molten/liquid materia, is subjected to air flowing 
under pressure (air pressure) which fiberizes the material (strands are formed). The me.tb.cwn 
glue gun and air are heated to a desired gun temperature and air temperature, respective.y in 
order to faci.itate strand formation. During and/or after strand formation, the thermop.astic 
matena. cools to form stabilized strands of the thermop.astic material. The apparatus is 
configured such that the strands are laid onto a desired substrate. 

The meltblown process parameters are preferably selected to provide a mesh having a 
certain strand orientation and denier. These parameters include the me.t/.iquefaction 
temperature, gun temperature, air pressure, and air temperature. ,n a preferred embodiment 
these parameters are varied to enab.e the formauon of sinuous (wavy) strands which are oriented 
m substantially the same direction with some crosswise .inking to form an intertwining web of 
the strands. In addition, it is genera..y desired to form relatively large denier strands, since the 
degree of wetting of the thermoplastic material ,o the absorbent core and thus the degree of 
.mprovement in absorbent core integrity tends to increase with increasing strand denier The 
strands preferab.y have a denier of at .east about 60 microns, preferab.y from about 80 microns 
to about 200 microns, more preferab.y about 00 to about 200 microns, most preferab.y about 
1 00 to about 200 microns. 

In general, as the viscosity of the thermoplastic material being meltblown decreases. 

strand formation more readilv occurs with ik- _ ■. . j 

uny occurs, with the roultant strands tending to have a finer denier 

Tne v.scosrry also influences the strand oncnut.on. the orientation tending to become more 

random with decreasing viscosity. The vise > t„ a , lven material ^tty decreases with an 

mcreasing meMiquefaction temperature and panicularIy with jncreasjng g(Jn 
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Therefore, the melt/liquefaction and gun temperatures are selected to provide a viscosity that 
enables strand formation as desired. 

The melt/liquefaction temperature is typically from about I2!°C (250°F)to about 204°C 
(400°F), preferably about 149°C (300<>F) to about 190°C (375°F). The adhesives designated H- 
2031 and H-2085 are typically held at a temperature of from about !35°C (275°F) to about 
204°C (400°F), preferably about 149°C (300°F) to about 177°C (350°F). more preferably about 
I65°C (330°F). 

The gun temperature is typically at or above the melt/liquefaction temperature 
preferably above the latter temperature in order to facilitate strand formation. The gun 
temperature is typically from about 149°C (300°F) to about 204°C (400°F). preferably about 
163°C(325°F) to about 190°C (375°F). more preferably about 1 82°C (360°F). 

The air pressure influences both strand orientation and denier. For a eiven material and 
set of process temperatures (particularly gun and air temperatures), as the air pressure increases 
the strands tend to form in a more random orientation and with a finer denier. The air pressure 
is preferably at least high enough to form strands of molten/liquefied thermoplastic material 
which touch and thus are able to interconnect while the thermoplastic material is in a sufficiently 
molten/liquid state, as described below. In a preferred embodiment, the air pressure is selected 
to enable the formation of sinuous strands in substantially the same direction with some 
crosswise linking to form an intertwining web of strands. Thus, it is preferred that the air 
pressure is not so high as to cause the formation of strands in random orientation. Typically, the 
air pressure is from about 4 psi to about 15 psi. preferably about 6 to about 10 psi, more 
preferably about 7 to about 9 psi, most preferably about 8 psi. 

The air temperature will generally be selected so as to maintain the extruded 
thermoplastic material in the molten/liquefied state. Thus, the air temperature will usually be 
greater than or equal to the gun temperature in order to offset any cooling effects that might 
otherw.se occur. Preferably, the air temperature is sufficient to ensure the interconnection of the 
.ndmdual strands of thermoplastic material on the substrate (although the extruded material 
need not be in the same melt/liquefaction state as when first extruded, it is preferablv 
sufficiently molten/liquefied to enable interconnection of the strands). Typically, the air 
temperature is from about 204°C (400°F) to about 238°C (460°F), preferably from about 215°C 
(420°F) to about 227°C (440°F), more preferably about 22I°C (430°F). Upon cooling to a 
temperature sufficient to resolidify the thermoplastic material, the resultant mesh of 
interconnected strands is stabilized. 

The thermoplastic material is applied to the substrate (e.g., an absorbent core 
component) so as to not interfere substantially with absorption of the absorbent core. Thus, the 
basis weight of the mesh of thermoplastic material is typically from about 2 to about 8 
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grams/square meter (g^,, preferab|v 3 (o ^ ? ^ ^ ^ ^ ^ 

about 6 g/m-. most preferably about 5 g/m 2 . 

The particular meltblown equipment used herein is typically selected according to the 
w.dth of the absorbent core (or absorbent core component) which is to be enveloped. In genera, 
the equ.pment is selected which will provide, in one step, a width of mesh of thermoplastic 
mater.al that is sufficient to envelope the absorbent core. (Where a primary core integrity layer 
or secondary core integrity layer as described herein is not intended to envelope at least a 
pomon of the side edges of an absorbent core component, the meltblown glue gun is selected to 
prov.de a mesh width that is smaller than the width of the absorbent core component) For the 
absorbent articles herein, a 2 module. 3.0" width mehblown glue gun designated A-MBI-3 0--> 
and a 4 module. 6" width meltblown g| ue gun designated AMBI-6.0-4, each available from J 
and M Laboratories of Dawsonville. CA. are suitable for use. 

The primary core integrity layer 230 is preferably formed by the meltblown process in a 
contmuous process (on-line) during manufacture of the absorbent article. Alternatively the 
pnmary core integrity layer can be formed by the above meltblown process or by conventional 
methods ,n an intermediate process for later incorporation into the absorbent article Thus the 
pnmary core integrity layer may be a preformed, non-woven, fluid pervious web comprising 

strands of thermoplastic material. However sinrp th» „r c j 

nowever. since the use of preformed non-wovens tends to 

add to the ultimate cost of the absorbent article, this alternative is not preferred. 

As described above, the primary core integrity layer 230 is preferably positioned such 
that ,t envelopes the absorbent core 220. The pnmary core integrity layer is also joined "to at 
least one of the chassis components (e.g., the topsheet 212 and backsheet 216) of absorbent 
amcle 210. In a preferred embodiment, the primary core integrity layer 230 is directly joined to 
a chass>s component, preferably the topsheet 212. The primary core integrity, layer can be 
jo.ned to a chassis component by a construction adhesive. Alternatively, the primary core 
-ntegnty layer can be joined to a chassis component by the hot-melt or pressure-sensitive 
propert.es of the thermoplastic material of the primary core integrity layer, where such materials 
are used. 

In a preferred embodiment, the primary core integrity layer 230 is directly joined to the 
chass,s component by a construction adhesive. Suitable construction adhesives include any of 
the adhesive materials such as are known in the art of bonding absorbent cores to chassis 
components, including those described herein in reference to joining the backsheet 216 and the 

absorbent core 220. The construction aHhPc>v» • ... 

, iruci.on adhesive can comprise any of the hot-melt adhesives 

described in reference to the thermonlast;,. ■ i r r 

mermopiastic materials for forming the primary core integrity 
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The construction adhesive can be applied to a given substrate (e.g.. the primary core 
integrity layer, an absorbent core component, or a chassis component) by conventional methods 
such as described herein in reference to joinder of the backsheet and absorbent core. Preferably, 
the construction adhesive is applied in an open pattern of construction adhesive. As used herein, 
"open pattern of construction adhesive" means that the construction adhesive is present on a 
substrate in a pattern that allows for relatively unimpeded fluid transport into and/or through the 
absorbent core. Suitable open patterns and methods of making the same are disclosed in the 
U.S. Patents. 4,573,986; 3,911,173; 4,785,996; and 4,842,666, which are incorporated by 
reference. Thus, the open pattern of construction adhesive may comprise a fine pattern of 
globulertes of construction adhesive or reticulated networks of filaments of construction 
adhesive, including spiral and/or bead patterns. The globuiertes and filaments may have 
diameters about equal in order of magnitude to the effective average diameter of the fibers that 
constitute the absorbent core 220. The construction adhesive may also be applied by a 
meltblown process, including the process described for making the primary core integrity layer. 

In a preferred embodiment, the absorbent core 220 comprises a secondary core integrity 
layer 240, positioned between various absorbent layers, preferably webs or batts, of the 
absorbent core. (As should be understood by those of ordinary skill in the art, such absorbent 
layers can, like the absorbent core, have a garment facing surface, body 'facing surface, side 
edges, and end edges.) The secondary core integrity layer 240 in preferred absorbent articles 
210 will thus be positioned between the primary core integrity layer 230 and the chassis 
component to which the primary core integrity layer is joined. (However, where the primary 
core integrity layer envelopes only a portion of the 220 absorbent core layers, a secondary core 
integrity layer 240 can be positioned between absorbent core layers that are not enveloped by the 
primary core integrity layer.) The secondary core integrity layer 240 comprises a continuous 
mesh of thermoplastic material, as defined in reference to the primary core integrity layer. The 
secondary core integrity layer 240 is joined to a chassis component and can be directly joined 
thereto, e.g., where the secondary core integrity layer envelopes the absorbent core layers 
positioned between the secondary core integrity layer and the chassis. 

The secondary core integrity layer 240 may or may not envelope one or more absorbent 
layers of absorbent core 220. As shown in Figure 3, the lateral width of the secondary core 
integrity layer 240 is less than the lateral width of each of the various absorbent layers of the 
absorbent core, i.e., lateral width of the secondary core integrity layer 240 is less than the lateral 
widths of each of acquisition/distribution layer 250, tissue layer 270, and storage layer 280). 
Thus, the secondary core integrity layer 240 does not envelope the side edges of, respectively, 
the acquisition/distribution layer 250, the tissue layer 270, and the storage layer 280. 
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The secondary core integrity layer *M0 can fl it-m 9 t' . 

a s ^ for , he Pfima , la -;; r : ; ah ™"> <™<°>< - — •*« ^ 

or different from tha, of ,he prirnary ^ "» — 

i a „„ "pi , 5 * • ycr or anv other secondary core ntegrirv 

layer. Thus, the secondary core integrity laver 7<M ,.«„ , '"'egriry 
m „. c u , , ' envelope relatively different longitudinal 

ponions of the side edges of an absorbent layer and/or * Hiff <■ ongitudinal 

nf.«, f r , ni 'ayer, and/or a different surface and/or relative portion 

of a surface of an absorbent layer. ponion 

The secondary core integrity layer "MO can j r , 

s y iayer can be formed of a thermoplastic material and hv 
a process as described for the primary core integrity laver Th, Wrt a 

. r , '"icfciuy layer. I he secondary core ntecrirv lavrr 

can be formed of the same thermoplastic material a , ,h, n • 

, A rr ■ H material as the primary core integrity laver 230 or from 

. .hooplas,, ma,,,,. For e , S e of processjng , he ^ , m '° ' ^ 

preferably formed 0 r,he s ame lhemopias , ic ^ ^ ^ ^ ^ »* ^r , 

2":,; ; seco r r ""^ ,ay - - * f °™* — ■;: , 

same or different from those used to form the nr; m a~ • • 

iu iorm the primary core integrity laver Preferahlv M ^ 
process parameters are used such that the Wft nH • Preferably, the same 

-s.an,,a,, yihcS a msasiheprim ^ C0 „ i j;: i f ty h ;; e ; " and or,en,a,ion ' ~ hich are 

layers Jl S "7 aCy ' ayer 24<> *" bC j0i " ed » °"< " ™» «. 

rrr;r s,! compmcm ' j ° inder < an ° cw ^ ■ «— «*• — *« * 

«H Tl , Pr5SS,,re - Se,,Siti " »f "he secondary core integrity layer material 

.Sdcscnbeoforjoir.oer.f.heprimarycorein.e.ri.yia.ver.oachassiscompone!, 

econdaiy core mtegrity ,a y er 2<0 „ formcd on , he f, cing ^ J * 

acquisition/d stribution laver 2S0 Th„ ^ sunace of 

laver ^70 hv ^ ^ intCgrily l * yGr 240 is j°™d to tissue 

layer 270 by construction adhesive laver th*, r L , 

surface of tissue layer 270 The „ r ^ " ^'^ *° ^ b0dy ^ 

storage layer 280 § ° f tiSSUC 270 is ihen j°-ed to 

torage layer 280 by construction adhesive layer 294 that is preferably applied to the gan.cn, 
facing surface of tissue lavpr ?7n tl garment 

ot tissue layer 270. The resultant laminate is then joined to the toosheet •» n h„ 

> yer 280 pon.oa of ,he garmen, facing surface of .issue iayer 270 (corresponding ,o L' 
.fferen„a, ,a Kr a, distance between side edges of ,he s,ora 8 e iayer 280 and ,he sid ed s 
usue ,yer 2,0), and a ponion of , h e garmen, facing surface of .opsbee, , ,2 J^Z » 
d,ffere„„a, ia.era, distance between .be side edges of tissue iayer 270 and L side ed f 

nte :7 K8ri * lay " 230) ' ^ tekSh "' 216 " *- **- .0 -he pril 1 co e 

integrity layer 230 by construction adhesive lav,, -.c* . a . ,. \ 

adhesive (no, shown,. ' % '° "* 2 1 2 > ' »»"«ion 



WO 98/37149 



68 



PCT7US98/02517 



Other suitable absorbent core according to the present invention can be in the form of a 
layer of a mixed-bed of hydrogel-forming absorbent polymers contained between two other 
fibrous layers, e.g.. a laminated absorbent core. Suitable laminated absorbent cores according to 
the present invention can be prepared using procedures similar to those described in U.S. Patent 
4,260,443 (Lindsay et al); U.S. Patent 4,467,012 (Pedersen et al), issued August 21, 1984; U.S. 
Patent 4,715.918 (Lang), issued December 29, 1987; U.S. Patent 4,851,069 (Packard it al) 
issued July 25, 1989; U.S. Patent 4,950,264 (Osborn), issued August 21. 1990; U.S. Patent' 
4.994.037 (Bemardin), issued February 19, 1991: U.S. Patent 5,009.650 (Bernardin), issued 
April 23, 1991; U.S. Patent 5,009,653 (Osborn), issued April 23, 1991; U.S. Patent 5 P8 08"> 
(Makoui), July 7, 1992; U.S. Patent 5.149.335 (Kellenberger et al), issued September " 19 9 o- 
and U.S. Patent 5,176.668 (Bemardin).issued January 5, 1993 (all of which are incorporated by 
reference) but using a mixed-bed of hydrogel-forming absorbent polymers having least the PUP 
capacity and preferably the PHL and SFC values described in B( 1 )(b) above. 

Other suitable laminated absorbent cores according to the present invention involving 
thermally bonded layers are disclosed in U.S. application Serial No. 141,156 (Richards et al) 
filed October 21, 1993, which is incorporated by reference. These thermally bonded absorbent 
cores comprise: (1) a primary thermally bonded fluid distribution layer; (2) optionally but 
preferably a secondary fluid distribution layer in fluid communication with, and being capable 
of acquiring aqueous body fluids from, the primary distribution layer; (3) a fluid storage laver in 
fiu,d communication with either the primary or secondary fluid distribution layer that comprises 
a rmxed-bed of high concentration hydrogel-forming absorbent polymers having at least the 
PUP capacity and preferably the PHL and SFC values described in B(l)(b) above- and (4) 
o P t,onally a "dusting" layer adjacent the storage layer. These absorbent cores are typically used 
m conjunction with a thermally bonded acquisition layer (referred to as a "secondary topsheet"). 

An embodiment of these thermally bonded absorbent cores is shown in Figure 4. Figure 
4 shows a cross-section of an absorbent article particularly suitable as a catamenial indicated as 
310 having a fluid pervious primary topsheet 312. a fluid impervious backsheet 316 and an 
absorbent structure positioned between topsheet 312 and backsheet 316 comprising fluid 
acq U1 sition layer 314 commonly referred to as a "secondary topsheet" and an absorbent core 
md.cated by 320. As shown in this Figure, absorbent core 320 is shown in Figure 4 as 
comprising three components: a fluid distr.bm.on laser 324, a fluid storage layer 326 and 
fibrous "dusting" layer 328. In forming this absorbent core, the "dusting" layer 328 provides the 
mmal layer upon which the mixed-bed of h.sdroucl-forming absorbent polymers of the storage 
layer 326 is deposited. The distribution la>cr ',24 ,^ ,hen positioned over the deposited mixed- 
bed of hydrogel-forming absorbent material Mhus lorm.ng a laminate-type structure. Although 
it .s possible to join dusting layer 328 and d.smhunon laser 326 through the use of an adhesive 
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these ,wo layers are typically joined together by thermal bonding since each of these lavers 
comprise some thermoplastic material, typically thermoplastic binder fibers 

An alternative embodiment of this thermally bonded absorbent core is shown in Figure 5 
F.gure 5 shows a cross-section of an absorbent article particularly suitable as a catamenial 
md.cated as 4.0 having a topshee, 4,2, a backsheet 416 and an absorbent core indicated as 4^0 
posmoned between topsheet 412 and backsheet 4 16. As shown in Figure 5, absorbent core 420 
- compnses four components: a primary fluid distribution layer 424, a secondary fluid 
distribution layer 430, a fluid storage layer 426 and fibrous "dusting" layer 428. Again the 
"dusting" layer 428 provides the point for depositing the mixed-bed of hydroeel-formin* 
absorbent polymers of storage .aver 426. The secondary and primary distribution layers 430 and 
4-4 are then .positioned over the deposited absorbent polymers to form a laminate-type structure 
Th.s laminate .s typically joined together by thermal bonding. 

Figure 6 shows a combination of the embodiments shown in Figures 4 and 5. Like the 
embodiment shown in Figure 4. absorbent article 5.0 comprises a topsheet 5.2. a backsheet 5.6 
and an absorbent structure positioned between topsheet 512 and backsheet 5.6 comprising a 
secondary topsheet 5.4 and an absorbent core 520. Like the embodiment shown in Figure 5 
absorbent core 520 of Figure 6 comprises four components: a primary fiuid distribution .ay. 

Iyer52r 0ndary ^ ^ * ^ ^ fibr ° US 

Other suitable absorbent cores according to the present invention can be prepared from 
me.tb.own synthetic fibers and coform mixtures (i.e., mixtures of ce.lu.osic and me.tb.own 
synthetic fibers, and the like), such as disclosed in U.S. Patent 5,149,335 (Kel.enberger et a.) 
-ssued September 22, 1992, which is incorporated by reference. For example, a coformed web 
containing 75% hydrogel-forming absorbent polymer having at least the PUP capacity and 
preferably the PHL and SFC values described in B(l)(b) above and 25'/, of a fine fibered'(.ess 
than about 5 micrometer diameter) me.tb.own HYDROFIL® LCFX copolymer fibers can be 
formed. This mekblown web is then covered on one surface with a layer of a HYDROFIL® 
meltblown web (see Examples 2 and 3 from U.S. Patent 5,149,335). The absorbent core thus 
formed ,s then p.aced between two layers of biloba. polypropylene spunbonded materia, (see 
Examples 2 and 3 of U.S. Patent 5,.49,33 5) with the spunbonded material being heat sealed 
around the periphery of the absorbent structure. 

Absorbent cores containing a layer of meltblown fibers and particles of hydrogel- 
fomung absorbent polymers having at least the PUP capacity and preferably the PHL and SFC 
va ues described in B(l )( b) above can also be formed according to the procedure described in 
U.S. Patent 4,429,001 (Ko.pin et al), issued January 31, ,984, which is incorporated by 

reference. For some absorbent articles twn , 

cies ' two or more separately formed layers of these 
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meltblown fibers and absorbent polymer particles can be assembled to form thicker absorbent 
core. Also the stream of meltblown fibers and absorbent polymers particles can be deposited 
onto another sheet material such as a porous nonwoven web that is to form pan of the eventual 
absorbent core. Other fibers besides meltblown fibers can be introduced into the absorbent core. 
For example, crimped bulking fibers can be mixed with meltblown fibers together with 
absorbent polymer particles to prepare a more lofty or lightweight absorbent core. 

E. Absorbent Articles 

Because of the unique absorbent properties of the absorbent cores of the present 
invention, they are especially suitable for use in absorbent articles, especially disposable 
absorbent articles. As used herein, the term "absorbent article" refers to articles that absorb and 
contain body fluids, and more specifically refers to articles that are placed against or in 
proximity to the body of the wearer to absorb and contain the various fluids discharged from the 
body. Additionally, "disposable" absorbent articles are those which are intended to be discarded 
after a single use (i.e..- the original absorbent article in its whole is not intended to be laundered 
or otherwise restored or reused as an absorbent article, although certain materials or all of the 
absorbent article may be recycled, reused, or composted). A preferred embodiment of a 
disposable absorbent article according to the present invention is a diaper. As used herein, the 
term "diaper" refers to a garment generally worn by infants and incontinent persons that is worn 
about the lower torso of the wearer. It should be understood, however, that the present invention 
is also applicable to other absorbent articles such as incontinent briefs, incontinent pads, training 
pants, diaper inserts, catamenial pads, sanitary napkins, facial tissues, paper towels, and the like. 

These absorbent articles typically comprise a fluid impervious backsheet, a fluid pervious 
topsheet joined to, or otherwise associated with the backsheet, and an absorbent core according 
to the present invention positioned between the backsheet and the topsheet. The topsheet is 
positioned adjacent the body surface of the absorbent core. The topsheet is preferably joined to 
the absorbent core and to the backsheet by attachment means such as those well known in the 
art. As used herein, the term "joined" encompasses configurations whereby an element is 
directly secured to the other element by affixing the element directly to the other element, and 
configurations whereby the element is indirectly secured to the other element by affixing the 
element to intermediate members) which in turn are affixed to the other element. In preferred 
absorbent articles, the topsheet and the backsheet are joined directly to each other at the 
periphery thereof. The topsheet and backsheet can also be indirectly joined together by directly 
joining them to the absorbent core by the attachment means. 

The backsheet is typically impervious to body fluids and is preferably manufactured from 
a thin plastic film, although other flexible fluid impervious materials may also be used. As used 
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herein, the term "flexible" refers to materials that are compliant and will readily conform to the 
general shape and contours of the human body. The backsheet prevents body fluids absorbed 
and contained in the absorbent core from wetting articles that contact the such as pants, pajamas, 
undergarments, and the like. The backsheet can comprise a woven or nonwoven material 
polymeric films such as thermoplastic films of polyethylene or polypropylene, or composite 
materials such as a film-coated nonwoven material. Preferably, the backsheet is a polyethylene 
film having a thickness of from about 0.012 mm (0.5 mil) to about 0.051 mm (2.0 mils). 
Exemplary polyethylene films are manufactured by Clopay Corporation of Cincinnati. Ohio, 
under the designation PI 8-0401 and by Ethyl Corporation. Visqueen Division, of Terre Haute. 
Indiana, under the designation XP-39385. The backsheet is preferably embossed and/or mane 
finished to provide a more clothlike appearance. Further, the backsheet can permit vapors to 
escape from the absorbent core (i.e.. breathable) while still preventing body fluids from passing 
through the backsheet. 

The topsheet is compliant, soft feeling, and non-irritating to the wearer's skin. Further, 
the topsheet is fluid pervious permitting body fluids to readily penetrate through its thickness. A 
suitable topsheet can be manufactured from a wide range of materials such as woven and 
nonwoven materials; polymeric materials such as apertured formed thermoplastic films, 
apertured plastic films, and hydroformed thermoplastic films; porous foams: reticulated foams; 
reticulated thermoplastic films; and thermoplastic scrims. Suitable woven and nonwoven 
materials can be comprised of natural fibers (e.g., wood or cotton fibers), synthetic fibers (e.g., 
polymeric fibers such as polyester, polypropylene, or polyethylene fibers) or from a combination 
of natural and synthetic fibers. 

Preferred topsheets for use in absorbent articles of the present invention are selected from 
high loft nonwoven topsheets and aperture formed film topsheets. Apertured formed films are 
especially preferred for the topsheet because they are pervious to body fluids and yet non- 
absorbent and have a reduced tendency to allow fluids to pass back through and rewet the 
wearer's skin. Thus, the surface of the formed film that is in contact with the body remains dry, 
thereby reducing body soiling and creating a more comfortable feel for the wearer. Suitable 
formed films are described in U.S. Patent 3.929,135 (Thompson), issued December 30, 1975; 
U.S. Patent 4,324,246 (Mullane, et a!.), issued April 13, 1982; U.S. Patent 4,342.314 (Radel. et 
al.), issued August 3, 1982; U.S. Patent 4,463.045 (Ahr et a!.), issued July 31, 1984; and U.S. 
5,006,394 (Baird), issued April 9, 1991. Each of these patents are incorporated herein by 
reference. Particularly preferred microapertured formed film topsheets are disclosed in U.S. 
Patent 4,609,518 (Curro et al), issue September 2. 1986 and U.S. Patent 4,629,643 (Curro et al), 
issued December 16, 1986, which are incorporated by reference. The preferred topsheet for use 
in catamenial products of the present invention is the formed film described in one or more of 
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the above patents and marketed on sanitary napkins by The Procter & Gamble Company of 
Cincinnati, Ohio as "DRI- WEAVE®." 

The body surface of the formed film topsheet can be hydrophilic so as to help body fluids 
to transfer through the topsheet faster than if the body surface was not hydrophilic so as to 
diminish the likelihood that fluid will flow off the topsheet rather than flowing into and being 
absorbed by the absorbent structure. In a preferred embodiment, surfactant is incorporated into 
the polymeric materials of the formed film topsheet such as is described in U.S. patent 
Application Serial No. 07/794.745. "Absorbent Article Having A Nonwoven and Apertured Film 
Coversheet" filed on November 19, 1991 by Aziz, et al., which is incorporated by reference. 
Alternatively, the body surface of the topsheet can be made hydrophilic by treating it with a 
surfactant such as is described in the above referenced U.S. 4,950.254. incorporated herein by 
reference. 

F. . Test Methods 

1 • Saline Flow Conductivity (SFC) 

This test determines the Saline Flow Conductivity (SFC) of the gel layer formed from a 
hydrogel-forming absorbent polymer, a mixture of hydrogel-forming polymers in neutralized 
form, or a mixed-bed ion-exchange hydrogel-forming polymer composition (hereafter referred 
to as hydrogel-forming polymer) that is swollen in Jayco synthetic urine under a confining 
pressure. The objective of this test is to assess the ability of the hydrogel layer formed from 
the hydrogel-forming absorbent polymers to acquire and distribute body fluids when the 
polymers are present at high concentrations in an absorbent member and exposed to usage 
mechanical pressures. Darcy's law and steady-state flow methods are used for determining 
saline flow conductivity. (See, for example, "Absorbency," ed. by P. K. Chatterjee, Elsevier, 
1985, Pages 42-43 and "Chemical Engineering Vol. II, Third Edition, J. M. Coulson and J. F. 
Richardson, Pergamon Press, 1978, Pages 125-127.) 

For hydrogel-forming polymers in neutralized form, the hydrogel layer used for SFC 
measurements is formed by swelling a hydrogel-forming absorbent polymer in Jayco synthetic 
urine for a time period of 60 minutes. The hydrogel layer is formed and its flow conductivity 
measured under a mechanical confining pressure of 0.3 psi (about 2 kPa). Flow conductivity is 
measured using a 0.118 M NaCI solution. For hydrogel-forming absorbent polymers whose 
uptake of Jayco synthetic urine versus time has substantially leveled off, this concentration of 
NaCI has been found to maintain the thickness of the hydrogel layer substantially constant 
during the measurement. For some hydrogel-forming absorbent polymers, small changes in 
hydrogel-layer thickness can occur as a result of polymer swelling, polymer deswelling, and/or 
changes in hydrogel-layer porosity. A constant hydrostatic pressure of 4920 dyne/cm2 (5 cm of 
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0.118M NaCI) is used for the measurement. For mixed-bed ion-exchange hydrogel-forming 
polymer compositions, the time period for swelling is typically extended to 225 minutes to allow 
more time for the sample to equilibrate and the NaCI concentration is typically adjusted 
(generally to lower concentration) such that no more than small changes occur in hydrogel- layer 
thickness during the measurement. 

Flow rate is determined by measuring the quantity of solution flowing through the 
-hydrogel layer as a function of time. Flow rate can vary over the duration of the measurement. 
Reasons for flow-rate variation include changes in the thickness of the hydrogel layer and 
changes in the viscosity of interstitial fluid, as the fluid initially present in interstitial voids 
(which, for example, can contain dissolved extractable polymer) is replaced with NaCI solution 
If flow rate is time dependent, then the initial flow rate, typically obtained by extrapolating the 
measured now rates to zero time, is used to calculate flow conductivity. The saline now 
conductivity is calculated from the initial now rate, dimensions of the hydrogel layer, and 
hydrostatic pressure. For systems where the now rate is substantially constant, a hvdrogel-layer 
permeability coefficient can be calculated from the saline fiow conductivity and the viscosity of 
the NaCI solution. 

A suitable apparatus 610 for this test is shown in Figure 7. This apparatus includes a 
constant hydrostatic head reservoir indicated generally as 612 that sits on a laboratory jack 
indicated generally as 614. Reservoir 612 has lid 616 with a stoppered vent indicated by 618 so 
that additiona! fluid can be added to reservoir 6 12. An open-ended tube 620 is inserted through 
lid 616 to allow air to enter reservoir 612 for the purpose of delivering fluid at a constant 
hydrostatic pressure. The bottom end of tube 620 is positioned so as to maintain nuid in 
cylinder 634 at a height of 5.0 cm above the bottom of hydrogel layer 668 (see Figure 8). 

Reservoir 612 is provided with a generally L-shaped delivery tube 622 having an inlet 
622a that is below the surface of the" fluid in the reservoir. The delivery of fluid by tube 622 is 
controlled by stopcock 626. Tube 622 delncrs fluid from reservoir 612 to a piston/cylinder 
assembly generally indicated as 628. Beneath assembly 628 is a support screen (not shown) and 
a collection reservoir 630 that sits on a laboratory balance 632. 

Referring to Figure 7, assembly 628 basically consists of a cylinder 634, a piston 
generally indicated as 636 and a cover 637 pan ,dcd *i,h holes for piston 636 and delivery tube 
622. As shown in Figure 7, the outlet 622b of , u hc 622 is positioned below the bottom end of 
tube 620 and thus will also be below the surface o. ,he fluid (not shown) in cylinder 634. As 
shown in Figure 8, piston 636 consists of a «ncrall> cylindrical LEXAN® shaft 638 having a 
concentric cylindrical hole 640 bored down the lon^udinal axis of the shaft. Both ends of shaft 
638 are machined to provide ends 642 and 646 \ * e , sht indicated as 648 rests on end 642 and 
has a cylindrical hole 648a bored through the center thereof. 
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Inserted on ,he o.her end 646 is a 8erlera „ v circular Teflon pis , 0 „ ^ m 

.1- 7f 6 1 2 in lhe b0 "° m ,hertof Pis, ° n head 650 is si2ed 50 as ,o slidab * — 

cyl.nd.r fo-,. As p.rt.culeHy shown in Figure ,, pist0 „ head 650 , s providt<J h 
concern,, rmgs of ,w enty .fo ur cylindrical ea£h indica , e(J ^ ^ ^ ^ 

660. As can be seen in Figure 9. eoncemrie rin B s 654 ,„ 660 fi, wi,hi„ ,„e area defined by 

T S t : h0 '" " taC " ° f ,h " e COnCemr ' C " n8S m b ° red fra " » of 

pmon head 650. The holes in each ring are spa ccd by approx.mately ,5 degrees and offse, bv 

approx.mateiy 7.5 degrees from ,he hoies in adjacen. rings. The holes in each rin e have a 
progress.velv sntaNer diame.er going i„w,rd,y from ring 654 (0.204 inch d ia me,er, roaring 660 
0. I ,, ,„ch d,ame,er). Pis.on head 650 al so has cylindrica, hole 662 bored in ,„e een.er .hereof 
.o receive end 646 of shaft 638. mcreoi 

As shown in F i gur e 8. a fri„ed circular g, a ss disc 664 fi.s wi.hin recess 652 Anached 
o Wm end of cylinder 634 is a No. 400 mesh s.ainiess s.ee, Co.h screen 666 ,ha, is b.axiallv 
■retched ,o unless P „or ,o anachmen, The sample of .he mixed-bed of hvdr„ge,.formi„;. 
absorben, polymers indica.ed as 668 is supported on screen 666. 

Cylinder 634 is bored from a transparent LEXAN® rod or eouivalen, and has ,„ inner 
ame.e, of 6.0 cm (area - 28.2, cm', a wa„ ,hic k „ess of approxima,e,y 0.5 cm. and a he, 
o PP-,ma,=, y 6.0 cm. Pis,on head 650 is machined from a solid Teflon rt „ has a 
of .6 5 mches and a diame.er ,ha, ,s s,igh,.y less ,ha„ ,he inner diame.er of cylinder 634 so 
■ha. „ f„s w„h,„ ,he cylinder with minimum wall clearances, bu, s,i,l siides freely Recess 52 
,s approxim„e,y 56 mm in diame.er by 4 mm deep. Hole 662 ,„ ,he cen.er of ,he pis,„„ head 
6 0 has , .hreaded 0.625 inch opening ( l8 ,hreads/inch) for end 646 of shaft 638. Frined disc 
664 ,s chosen for high permeability (e.g.. Chemglass Ca, No. CG.20,-40. 60 mm diame.er X- 
Coarse Porosis and is ground so ma, i, fi„ sn „ glv wi ,hi„ tec „ s 652 „ f ^ ' 

from a LEXAN® rod and has an ou.er diame.er of 0.875 inches and an inner diamcer of 0 250 

head 650^ End 642 ,s approxima.ely an inch long and 0.623 inches in diamcer, forming an 

haft It 1' " S " PPOn '" E S " ain ' eSS 6 " 8 ' F ' Uid *™* <■» ■»"• 6-0 in 

haft 38 can d.rectly access ,h= frined disc 664. The annular stainless s,ee, weigh, 648 has an 
nne d„ m ^ so , hat . ^ ^ ^ ^ ^ ^ ^ ^ ^ 

ou er formed therein. The combined weigh, of fritted glass disc 664, pis,on 636 and weigh, 
eouals 596 S, wh.ch corresponds ,„ a pressure of 0.3 psi for an area of 28.27 cm^. Cover 

n IT34 Th " " " S e,uivalen, and is d " ed » *• »P »r 

y mder 634. „ has an 0.877 inch owning in , he cen,er .hereof fo, shaft 638 of pis,o„ 636 and a 
second openmg near ,he edge .hereof for delivery ,ube 622. 



WO 98/37149 



75 



PCT/US98/02517 



The cylinder 634 rests on a 16 mesh rieid stainless ste^l c„«™„ 

nfciu Mamiess steel suppon screen (not shown) or 

equ.v.lent. This support screen is sufficiently permeable so as to no, impede fluid How into the 
co.lect.on reservoir 630. The support screen is generally used to suppon cylinder 634 when the 
flow rate of saline solution through assembly 628 is greater than about 0.02 g/sec For flow 
rates less than about 0.02 g/sec, it is preferab.e that there be a continuous fluid path between 
cyhnder 634 and the collection reservoir. This can be accomplished by replacing the support 
screen . collection reservoir 630, and analytical balance 632 with analytical balance 716 
reservoir 7,2, frined funnel 7,8. and the respective connecting tubes and valves of apparatus 
710 (see F.gure ,0), and positioning cylinder 634 on the frined disc in frined funnel 7.8 

ia > C0 ^thetic urine used in this method is prepared by dissolving a mixture of 2 0 g 
kCL, 2.0 g Na 2 S0 4 , 0.85 g NH 4 H 2 P0 4 , 0.15 g (NH 4 ) 2 HP0 4 , 0..9 g CaCh, and 0 23 g MgCh 
to 1.0 liters with distilled water. ~ ~ 

The 0.1 18 M NaCl solution is prepared by dissolving 6.896 g NaCI (Baker Analyzed 
Reagent or equivalent) to , .0 liters with distilled water. 

An analytical balance 632 accurate to 0.01 g (e.g., Menler PM4000 or equivalent) is 
Really used to measure the quantiry of fluid flowing through the hydrogel laver 668 when the 
flow rate is about 0.02 g/sec or greater. A more accurate balance (e.g., Menler AE200 or 
equ.va.ent) can be needed for .ess permeab.e hydrogel .ayers having .ower flow rates The 
balance is preferably interfaced to a computer for monitoring fluid quantity versus time 

The th.ckness of hydrogel .ayer 668 in cylinder 634 is measured to an accuracy of about 
0.1 mm. Any method having the requisite accuracy can be used, as long as the weights are not 
removed and the hydrogel .ayer is not additionally compressed or disturbed during the 
measurement. Using a caliper gauge (e.g., Manostat 15-.00-500 or equivalent) to measure the 
vert.c.1 d IS tance between the bonom of the stainless steel weight 648 and the top of cover 637 
-lanve to this distance with no hydrogel layer 668 in cylinder 634 is acceptable A.so 
acceptab.e is the use of a depth gauge (e.g., Ono Sokki EG-225 or equiva.ent) to measure the 
posmon of piston 636 or stain.ess stee. weight 648 re.ative to any fixed surface, compared to its 
position with no hydrogel layer in cylinder 634. 

The SFC measurement is performed at ambient temperature (i.e., 20°-25°C) and is 
carried out as follows: 

0^9 gm aliquot of the hydroge.-forming absorbent po.ymer (corresponding to a basis 
we.ght of 0.032 gm/cm*) is added to cy.inder 634 and distributed even.y on screen 666 For 
most hydrogel-forming absorbent polymers, moisture content is typically less than 5% For 
these, the quantity of hydroge.-forming absorbent po.ymer to be added can be determined on a 
wet-we-ght (as is) basis. For hydroge.-forming absorbent polymers having a moisture content 
greater than about 5*. the added polymer weight shou.d be corrected for moisture (i e the 
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added polymer should be 0 9 o nn •> Hr>, l. l • l <~ . 

v 2 on a dry-weight basis). Care is taken to prevent hydrogel- 

forminc absorbent polvmer from aHhcrinr, - i- j n r,- , , , 

> mcrirom adhering to the cylinder walls. Piston 636 (minus weight 648) 

with disc 664 positioned in recess 652 of piston head 650 is inserted into cylinder 634 and 
positioned on top of the dry hydrogel-forming absorbent polymer 668. If necessary, piston 636 
can be tamed gently to more-uniform.y distribute the hydrogel-forming absorbent polymer on 
screen 666. Cylinder 634 is the covered with cover 637 and weight 648 is then positioned on 
end 642 of shaft 638. 

A fritted disc (coarse or extra coarse) having a diameter greater than that of cylinder 634 
■s pos.uoned in a wide/shallow flat-bonomed container that is filled to the top of the fritted disc 
with Jayco synthetic urine. The piston/cylinder assembly 628 is then positioned on top of this 
fritted glass d.sc. Fluid from the container passes through the fritted disc and is absorbed by the 
hydrogel-forming absorbent polymer 668. As the polymer absorbs fluid, a hvdroeel laver is 
formed ,„ cylinder 634. After a time period of 60 minutes, the thickness of the hvdroge. layer is 
determined. Care is taken that the hydrogel layer does not lose fluid or take in air during this 
procedure. 

The piston/cylinder assembly 628 is then transferred to apparatus 610. The support 
screen (not shown) and any gap between it and the piston/cylinder assembly 628 is presaturated 
w,th saline solution. If the fritted funnel 718 of the PUP apparatus 710 is used to support 
cyimder 634, ,he surface of the fritted funnel should be minimally elevated relative to the height 
of the fluid m the collection reservoir, with valves between the fritted funnel and the collection 
reservo.r being in the open position. (The fritted funnel elevation should be sufficient such that 
fiu.d passing through the hydrogel layer does not accumulate in the funnel.) 

The SFC measurement is initiated by adding NaCI solution through hole 640 in shaft 
638 ,n order to expel air from piston head 650 and then turning stopcock 626 to an open position 
so that delivery tube 622 delivers fluid to cylinder 634 to a height of 5.0 cm above the bottom of 
hydrogel layer 668. Although the measurement is considered to have been initiated (t 0 ) at the 
time NaCI solution is first added, the time at which a stable hydrostatic pressure, corresponding 
to 5.0 cm of saline solution, and a stable flow rate is attained (t s ) is noted. (The time t s should 
typically be about one minute or less.) The quantity of fluid passing through hydrogel layer 668 
versus time ,s determined gravimetrically for a time period of 10 minutes. After the elapsed 
time, p. S ton/cylinder assembly 628 is removed and the thickness of hydrogel layer 668 is 
measured. Generally the change in thickness of the hydrogel layer is less than about 10%. 

In general, flow rate need not be constant. The time-dependent flow rate through the 
system, F s (t) is determined, in units of g/sec, by dividing the incremental weight of fluid passing 
through the system (in grams) by increments time (in seconds). Only data collected for times 
between « s and 10 minutes is used for flow rate calculations. Flow rate results between t s and 10 
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mmutes ,s used to calculate a value for F s (t=0). the initial How rate through the hvdrogel layer 
F s (t=0) IS calculated by extrapolating the results of a least-squares fit of F s (t) versus time to t=0. 

For a layer having a very high permeability (e.g., a flow rate Greater than ~ 2 g/sec) i, 
may not be practical to collect fluid for ,he full 10 minute time period. For flow rates greater 
than ~ 2 g/sec, the time of collection can be shortened in proportion to the flow rate. 

For some hydrogel-forming absorbent polymers having extremely low permeability 
absorption of fluid by the hydrogel competes with transport of fluid through the hydro-el layer 
and e.ther there is no flow of fluid through the hydrogel layer and into the reservoir or possibly 
there ,s a net absorption of fluid out of the PUP reservoir. For these extremely low permeability 
hydrogel layers, it is optional to extend the time for Jayco synthetic urine absorption to longer 
periods (e.g., 16 hours). 

In a separate measurement, the flow rate through apparatus 610 and the piston/cylinder 
assembly 628 (F a ) is measured as described above, except that no hydroeel laver is present If 
F a >s much greater than the flow rate through the system when the hydrosel layer is present F 
then no correction for the flow resistance of the SFC apparatus and the piston/cylinder assembly 
<s necessary. In this limit, F g = F s , where F g is the contribution of the hydrogel layer to the flow 
rate of the system. However if this requirement is not satisfied, then the following correction is 
used to calculate the value of F g from the values of F s and F a : 

F g = (F a xF s )/(F a -F s ) 

following™ ^ ConduCtivi * (K > ° f the "ydrogel layer is calculated using the 

K= {F g (t=0)xL()}/{pxAxAP}, 
where F g (t=0) is the flow rate in g/sec determined from regression analysis of the flow rate 
results and any correction due to assembly/apparatus flow resistance, L 0 is the initial thickness 
of the hydrogel layer in cm, p is the density of the NaCI solution in gm/cm 3 . A is the area of the 
hydrogel layer in cm'. A P is the hydrostatic pressure in dyne/cm 2 , and the saline flow 
conductivity, K, is in units of cm 3 sec/gm. 

The average of three determinations should be reported. 

For hydrogel layers where the flow rate is substantially constant, a permeability 
coefficent (k) can be calculated from the saline flow conductivity using the following equation: 

K - K T], 

where r, is the viscosity of the NaCI solution in poise and the permeability coefficient, k 
, is in units of cm . 

See U.S. Patent 5,552,646 to Goldman et al. for an example illustrating how SFC is 
calculated in accordance with the present invention. 

2 - Performan ce Under Pressure f PUP) Cap acity 
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This test determines the gram/gram absorption of synthetic urine for a hydrogel-forming 
absorbent polymer, a mixture of hydrogel-forming polymers in neutralized form, or a mixed-bed 
ion-exchange hydrogel-forming polymer composition (hereafter referred to as hydrogel-forming 
polymer) that is laterally confined in a piston/cylinder assembly under a confining pressure, e.g 
of 0.3 psi, 0.7 psi, 1.4 psi. The objective of the test is to assess the ability of the hydrogel- 
forming absorbent polymer layer to absorb body fluids, over a practical period of time (e.g., 60 
minutes and 225 minutes), when the polymers are present at high basis weight and high 
concentrations in an absorbent member and exposed to usage pressures. Usage pressures against 
which a hydrogel-forming polymer is forced to absorb urine against include mechanical 
pressures resulting from the weight and/or motions of the wearer, mechanical pressures resulting 
from elastics and fastening systems, and the hydrostatic suction resulting from adjacent capillary 
(e.g., fibrous) layers and/or structures as they are drained of fluid. 

The test fluid for the PUP capacity test is Jayco synthetic urine. This fluid is absorbed 
by the hydrogel-forming absorbent polymers under demand absorption conditions at near-zero 
hydrostatic pressure. 

A suitable apparatus 710 for this test is shown in Figure 10. At one end of this 
apparatus is a fluid reservoir 712 (such as a petri dish) having a cover 714. Reservoir 712 rests 
on an analytical balance indicated generally as 716. The other end of apparatus 710 is a fritted 
funnel indicated generally as 71 8, a piston/cylinder assembly indicated generally as 720 that fits 
inside funnel 718, and cylindrical plastic frined funnel cover indicated generallv as 722 that fits 
over funnel 718 and is open at the bottom and closed at the top. the top having a pinhole 
Apparatus 710 has a system for conveying fluid in either direction that consists of sections glass 
cap.llary tubing indicated as 724 and 73 1 a. flexible plastic tubing (e.g., 1/4 inch i.d. and 3/8 inch 
o.d. Tygon tubing) indicated as 731b, stopcock assemblies 726 and 738 and Teflon connectors 
748, 750 and 752 to connect glass tubing 724 and 731a and stopcock assemblies 726 and 738 
Stopcock assembly 726 consists of a 3-way vaKe 728. glass capillary tubing 730 and 734 in the 
mam fluid system, and a section of glass capillary tubing 732 for replenishing reservoir 712 and 
forward flushing the fritted disc in fritted funnel 718. Stopcock assembly 738 similarly consists 
of a 3-way valve 740, glass capillary tubing 742 and 746 in the main fluid line, and a section of 
glass capillary tubing 744 that acts as a drain for the sNstem. 

Referring to Figure 11, assembly 720 consists of a cylinder 754. a cup-like piston 
indicated by 756 and a weight 758 that fits ,ns,dc piston 756. Attached to bottom end of 
cylinder 754 is a No. 400 mesh stainless cloth screen 759 that is biaxially stretched to 
tautness prior to attachment. Hydrogel-forming ..bsorbent polymers indicated generally as 760 
rest on screen 759. Cylinder 754 is bored from a iransparent LEXAN® rod (or equivalent) and 
has an inner diameter of 6.00 cm (area = 28.27 , m : ,. »,th a wall thickness of approximately 5 
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mm and a height of approximately 5 cm. The piston 756 is in the form of a Teflon cup and is 
mach.ned to fit into cylinder 754 within tight tolerances. Cylindrical stainless steel wei e ht 758 
,s machmed to fit snugly within piston 756 and is fitted with a handle on the top (not shown) f or 
ease ,n removing. For a confining pressure of 0.7 psi. the combined weight of piston 756 and 
we.ght 758 is .390 g, which corresponds to a pressure of 0.7 psi for an area of 28 V cm 2 

The components of apparatus .71 0 are sized such that the flow rate of synthetic urine 
therethrough, under a 10 cm hydrostatic head, is at least 0.0. g/cm^/sec, where the flow rate is 
normalized by the area of fritted funnel 7.8. Factors oarticu.arly impactful on flow rate are the 
permeability of the fritted disc in fritted funnel 7.8 and the inner diameters of glass tubin* 7^4 
730, 734, 742, 746 and 73 1 a, and stopcock valves 728 and 740. 

Reservoir 712 is positioned on an ana.ytica. balance 7.6 that is accurate to at least 0 0. a 
w,th a drift of .ess than O.lg/hr. The balance is preferably interfaced to a computer with 
sofnvare than can (i) monitor balance weight change at pre-set time intervals from the initiation 
of the PUP test and (ii) be set to auto initiate on a weight change of 0.01-0.05 g, depending on 
balance sens.tivity. Capillary tubing 724 entering the reservoir 7,2 should not contact either the 
bottom thereof or cover 7.4. The vo.ume of fluid (not shown) in reservoir 7,2 shou.d be 
suffice* such that air is not drawn into capillary tubing 724 during the measurement. The fluid 
level .n reservoir 7,2. at the initiation of the measurement, shou.d be approximately 2 mm 
below the top surface of fritted disc in fritted funne, 718. This can be confined by placing a 
•mall drop of fluid on the fritted disc and gravimetrica.ly monitoring its slow flow back into 
reservo.r 712. This level shou.d not change significantly when piston/cylinder assembly 7 ->0 is 
posmoned within funne. 7,8. The reservoir shou.d have a sufficiently .arge diameter (e g -, 4 

cm) so that withdrawa. of -40 m. portions resu.ts in a change in the fluid height of .ess than 3 
mm. 

Prior to measurement, the assembly is filled with Jayco synthetic urine. The fritted disc 
m fritted funne. 718 is forward flushed so that it is fi.led with fresh synthetic urine To the 
extent possible, air bubbles are removed from the bottom surface of the fritted disc and the 
system that connects the funne. to the reservoir. The following procedures are carried out bv 
sequential operation of the 3-way stopcocks: 

1. Excess fluid on the upper surface of the fritted disc is removed (e.g. poured) 
from fritted funnel 718. 

2. The solution height/weight of reservoir 7 1 2 is adjusted to the proper level/value 

3. Fntted funnel 718 is positioned at the correct height relative to reservoir 7P 

4. Fntted funnel 71 8 is then covered with fritted funnel cover 722. 

5. The reservoir 712 and fritted funnel 718 are equilibrated with valves 728 and 
740 of stopcock assemblies 726 and 738 in the open connecting position 
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6. Valves 728 and 740 are then closed. 

7. Valve 740 is then turned so that the funnel is open to the drain tube 744. 
The system is allowed to equilibrate in this position for 5 minutes. 

9. Valve 740 is then returned to its closed position. 
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Steps Nos. 7-9 temporarily "dry" the surface of fritted funnel 718 by exposing i, , 0 a 
small hydrostatic suction of ~5 cm. This suction is applied if the open end of tube 744 extends 
~5 cm below the .eve. of the fritted disc in fritted funnel 7,8 and is filled with synthetic urine 
Ty P ,cally -0.2 g of fluid is drained from the system during this procedure. This procedure 

prevents premature absorption of synthetic i.rW lUrlM ■ t , .• j 

^nmetic unne when piston/cyiinder assembly 720 is 

posmoned within fritted funnef 7 . 8. The quantity of fluid that drains from the fritted funnel in 
th,s procedure (called the fritted funnel correction weight) is measured by conducting the PUP 
test (see below) f or , time period of 15 minutes without piston/cylinder assembly 720 
Essentially all of the fluid drained from the fritted funnel by this procedure is very quickly 
reabsorbed by the funnel when the test is initialed. Thus, it is necessarv to subtract this 

corrects weight from weights of fluid removed from the reservoir during 'the PUP test (see 

below). v 

°- 9 2 8 ° f Mrogel-forming absorbent polymer 760 (corresponding to a basis weight of 
0.032 g/cm ) is added to cylinder 754 and distributed evenly on screen 759. For most hydroge!- 
formmg absorbent polymers, moisture content is typically less than 5%. For these polymers the 
added polymer weight can be determined on a wet-weight (as it is) basis. For polymers having a 
mo.sture content greater than about 5%, the added polymer weight should be corrected for 
mcsture (i.e., the added polymer should be 0.9 g on a dry-weight basis). Care is taken to 
prevent hydrogel-forming absorbent polymer 760 from adhering to the inside walis of cylinder 
754. The piston 756 is slid into cylinder 754 and positioned on top of the hydrogel-forming 
absorbent polymer 760. The piston can be turned gently to help distribute the hydrogel-forming 
absorbent polymer. The piston/cylinder assembly 720 is placed on top of the frit portion of 
funnel 7.8, the weight 758 is slipped into piston 756, and the top of funnel 718 is then covered 
with fntted ftmne. cover 722. After the balance reading is checked for stability, the test is 
■nmated by opening valves 728 and 740 so as to connect funnel 718 and reservoir 712 With 
auto mmat.on, data collection commences immediately, as funnel 718 begins to reabsorb fluid 
Data is recorded as a function of time for a time period of 225 minutes. 

Moisture content of the hydrogel-forming absorbent polymer is determined separately 

by measuring % weight loss after 2 hr Gf> lrKor- tu 

b gin loss aner Jhr@ 105°C. The measured moisture content is used to 

calculate the dry weight of hydrogel-forming polymer used in the PUP test. 

PUP capacity (gm/gm; t)=[Wr<t=0 , . W|(|) . W fc ]/ { W hfap;drvbasis} 
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where W r (r=0) is the weight in grams of reservoir 712 prior to initiation. W^t) is the weight in 
grams of reservoir 712 at the elapsed time t (e.g.. 60 min or 225 min). W fc is the fritted funnel 
common weight in grams (measured separately), and W hfap:dry basjs is the dry wejght „ 
grams of the hydrogel- forming absorbent polymer. 

3- Porosity of Hvdroeel Laver f PHT ) 

This test determines the Porosity of the Hydrogel Layer (PHL) formed from a hvdrogel- 
forming absorbent polymer, a mixture of hydrogel-forming polymers in neutralized form or a 
m.xed-bed ion-exchange hydrogel-forming polymer composition (hereafter referred to as 
hydrogel-forming polymer) that is swollen in Jayco synthetic urine under a confining pressure 
The objective of this test is to assess the ability of the hydrogel layer formed from the hvdrogel- 
formmg absorbent polymers to remain porous when the polymers are present at high 
concentrations in an absorbent member and exposed to usage mechanical pressures PHL is the 
fractional volume of the layer that is not occupied by hydrogel. An excluded-volume method is 
used to measure PHL under a confining pressure. 

PHL is measured using a modified version of the piston/cylinder apparatus used in the 
SFC method. The 0.118 M NaCl solution used in the SFC method is modified for the PHL 
measurement by dissolving a high molecular weight Blue Dextran polymer in sufficient quantity 
such that the resultant solution has an optical absorbance of about 0.8 absorbance units at the 
polymer's absorption maximum of about 617 nm. The molecular weight of the Blue Dextran 
polymer is sufficiently high such that the polymer is excluded from the hydrogel. The hydrogel 
layer is formed and its porosity is measured under a mechanical confining pressure of 0 3 psi 
(about 2 kPa). 

The hydrogel layer used for PHL measurements is formed by swelling approximately 
0.9 g of a hydrogel-forming absorbent polymer in the PHL piston/cylinder apparatus with Jayco 
synthetic urine for a time period of about 60 minutes. At the end of this period, the thickness of 
the hydrogel layer is determined. The fluid contained in voids within the hydrogel layer is then 
exchanged with the 0.1 18M NaCl solution containing Blue Dextran (SBDS) by flowing an 
excess of the SBDS (optical absorbance equals Aj) through the hydrogel layer under a low 
hydrostatic pressure. For a hydrogel-forming absorbent polymer whose uptake of Jayco versus 
ume has substantially leveled off, the NaCl concentration of SBDS has been found to maintain 
the th.ckness of the hydrogel layer substantially constant during this exchange step. For some 
hydrogel-forming absorbent polymers, small changes in thickness can occur as a result of 
polymer swelling or deswelling. Flow of SBDS through the hydrogel layer is continued until 
exchange is complete. The flow of SBDS is then stopped, any excess SBDS either above or 
below the hydrogel layer is allowed to drain out or is otherwise removed. Voids within the 
hydrogel layer remain fully saturated with SBDS. The thickness of the hydrogel layer (t f ) is 
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then remeasured (t f ) and multiplied by the area of the cylinder (A c ) to obtain the volume of the 
hydrogel layer (V hgl ). SBDS contained in voids within the hydrogel laver is then flushed out 
using an excess of 0.1 18M NaCI solution (SS) and is quantitatively collected. Flushing with SS 
is continued until essentially all of the Blue Dextrin is extracted from the hydrogel layer The 
volume of the collected solution containing the extracted Blue Dextran (V f ) is determined either 
volumetrically or gravimetrically and its optical absorbance (A f ) is measured. The void volume 
(V v ) within the hydrogel layer is determined from the measured values of V f , Aj. and A f . The 
value of V v is divided by V hg , to determine the porosity of the hydrogel layer. 

A suitable piston/cylinder apparatus for this test is shown in Figure 12 and is similar to 
the piston/cylinder apparatus shown in Figure 8. Referring to Figure 12. apparatus 828 basically 
cons.sts of a cylinder 834, a piston generally indicated as 836 and a cover 837 provided with 
holes for piston 836 and solution delivery/removal (not shown). As shown in Figure 12 piston 
836 consists of a generally cylindrical LEXAN® shaft 838 having a concentric cylindrical hole 
840 bored down the longitudinal axis of the shaft. Both ends of shaft 838 are machined to 
provide ends 842 and 846. A weight indicated as 848 rests on end 842 and has a cylindrical hole 
848a bored through the center thereof. 

Inserted on the other end 846 is a generally circular piston head 850. Piston head 850 is 
sized so as to slidably move inside cylinder 834. As particularly shown in Figure 13, piston 
head 850 is provided with inner and outer concentric rings containing seven and fourteen 
approximately 0.375 inch cylindrical holes, respectively, indicated generally by arrows 860 and 
854. The holes in each of these concentric rings are bored from the top to bottom of piston head 
850, Piston head 850 also has cylindrical hole 862 bored in the center thereof to receive end 846 
of shaft 838. 

Attached to bottom end of cylinder 834 is a No. 400 mesh stainless steel cloth screen 
866 that is biaxially stretched to tautness prior to attachment. Attached to bottom end of piston 
head 850 is a No. 400 mesh stainless steel cloth screen 864 that is biaxially stretched to tautness 
prior to attachment. The sample of hydrogel-forming absorbent polymer indicated as 868 is 
supported on screen 866. 

Cylinder 834 is bored from a transparent LEXAN® rod or equivalent and has an inner 
diameter of 6.00 cm (area = 28.27 cm 2 ), a wall thickness of approximately 0.5 cm, and a height 
of approximately 6.0 cm. Piston head 850 is machined from a LEXAN® rod. It has a height of 
approximately 0.625 and a diameter sized such that it fits within the cylinder with minimum 
wall clearances, but still slides freely. Hole 862 in the center of the piston head 850 has a 
threaded 0.625 inch opening (18 threads/inch) for end 846 of shaft 838. Shaft 838 is machined 
from a LEXAN® rod and has an outer diameter of 0.875 inches and an inner diameter of 0.250 
inches. End 846 is approximately 0.5 inches long and is threaded to match hole 862 in piston 
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head 850. End 842 is approximately an inch long and 0.623 inches in diameter, forming an 
annular shoulder to support the stainless steel weight 848. Fluid passing through the hole 840 in 
shaft 838 can directly access screen 864. The annular stainless steel weight 848 has an inner 
diameter of 0.625 inches, so that it slips onto end 842 of shaft 838 and rests on the annular 
shoulder formed therein. The combined weight of piston 836 and weight 848 equals 
.- approximately 596 g, which corresponds to a pressure of 0.3 psi for an area of 28.27 cm 2 . 
-Cover 837 is machined from LEXAN® or its equivalent and is dimensioned to cover the top of 
cylinder 834. It has an 0.877 inch opening in the center thereof for shaft 838 of piston 836 and a 
second opening near the edge thereof for solution delivery/removal. 

When solutions are flowed through the piston/cylinder apparatus, the cylinder 834 
generally rests on a 16 mesh rigid stainless steel support screen (not shown) or equivalent. 

A spectrophotometer capable of measuring optical absorbance at 617 nm with an 
accuracy of at least 0.001 absorbance units (e.g.. Bausch & Lomb Spectronic 21 or equivalent) is 
used for optical absorbance measurements. Optical absorbance is measured to an accuracy of at 
least 0.001 absorbance units, relative to a 0. 1 1 8M NaCI reference solution. 

A Blue Dextran polymer having an average molecular weight of about 2.000,000 
(Sigma, cat. no. D5376 or equivalent) is used for the measurement. 

A 0.1 18 M NaCI solution (SS) is prepared by dissolving 6.896 g NaCI (Baker Analyzed 
Reagent or equivalent) to 1 .0 liters with distilled water. A quantity of Blue Dextran sufficient 
to give an optical absorbance of about 0.8 absorbance units (typically about 0.1 wt%) is 
dissolved in the NaCI solution. Optical absorbance (Aj) of this saline Blue Dextran solution 
(SBDS) is determined relative to a 0. 1 1 8 M NaCI reference solution. 

The thickness of hydrogel layer 868 in olinder 834 is measured to an accuracy of at 
least about 0.1 mm. Any method having the requisite accuracy can be used, as long as the 
weights are not removed and the hydrogel layer is not additionally compressed or disturbed 
during the measurement. Using a caliper gauge (e.g.. Manostat 15-100-500 or equivalent) to 
measure the vertical distance between the bortom of the stainless steel weight 848 and the top of 
cover 837, relative to this distance with no hvdrogcl layer 868 in cylinder 834 is acceptable. 
Also acceptable is the use of a depth gauge <c g . Ono Sokki EG-225 or equivalent) to measure 
the position of piston 836 or stainless steel weight 848 relative to any fixed surface, compared to 
its position with no hydrogel layer in cylinder 834 

An analytical balance with an accuracy of at least 0.001 g (e.g., Mettler AE200) is used 
to determine the weight of hydrogel-forming poKmcr. 

The PHL measurement is performed at ambient temperature (i.e., 20°-25°C) and is 
carried out as follows: 
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A 0.9 gm aliquot of a hydrogel-formine absorbent polymer (conrespondinc to a basis 

i 

weight of 0.032 gm/cm") is added to cylinder 834 and distributed evenly on screen 866. For 
most hydrogel-forming absorbent polymers, moisture content is typically less than 5%. For 
these, the quantity of hydrogel-forming absorbent polymer to be added can be determined on a 
wet-weight (as is) basis. For hydrogel-forming absorbent polymers having a moisture content 
greater than about 5%, the added polymer weight should be corrected for moisture (i.e., the 
added polymer should be 0.9 g on a dry-weight basis). Care is taken to prevent hydrogel- 
forming absorbent polymer from adhering to the cylinder walls. Piston 836 (minus weight 848) 
is inserted into cylinder 834 and positioned on top of the dry hydrogel-forming absorbent 
polymer 868. If necessary, piston 836 can be turned gently to more-uniform ly distribute the 
hydrogel-forming absorbent polymer on screen 866. Cylinder 834 is the covered with cover 837 
and weight 848 is then positioned on end 842 of shaft 838. 

A fritted disc (coarse or extra coarse) having a diameter greater than that of cylinder 834 
is positioned in a wide/shallow flat-bottomed container that is filled to the top of the fritted disc 
with Jayco synthetic urine. The piston/cylinder assembly 828 is then positioned on top of this 
fritted glass disc. Jayco synthetic urine from the container passes through the fritted disc and is 
absorbed by the hydrogel-forming absorbent polymer 868. As the polymer absorbs fluid, a 
hydrogel layer is formed in cylinder 834. After a time period of 60 minutes, the thickness of the 
hydrogel layer is determined. Care is taken that the hydrogel layer does not lose fluid or take in 
air during this procedure. 

The piston/cylinder assembly 828 is then positioned on a 16 mesh rigid stainless steel 
support screen. SBDS is then added to cylinder 834 through the fluid delivery hole (not shown) 
in cylinder cover 837 and allowed to flow through piston head 850 and hydrogel layer 868. 
exiting the cylinder through cylinder screen 866. A convenient apparatus for delivering SBDS 
to the cylinder and maintaining a constant but low hydrostatic pressure of SBDS (e.g., up to 
about 5 cm water) is the constant hydrostatic head delivery apparatus shown in Figure 7 
(references numbers 612 through 626). Solution exiting through cylinder screen 866 is 
periodically sampled and its optical absorbance measured. Flow of SBDS is continued until 
exchange by SBDS of the original solution contained in voids within hydrogel layer 868 is 
essentially complete, as indicated by the exiting solution having an optical absorbance 
approximately equal to that of SBDS (e.g., within about 0.001 absorbance unit). Typically, the 
total volume of SBDS used in this step is approximately 10*V ng |. The addition of SBDS is 
then stopped and excess SBDS above piston head 850 and within the cylindrical holes 854 and 
860 in piston head 850 is allowed to drain through hydrogel layer 868 and out of cylinder 834 
through cylinder screen 866. The thickness of the hydrogel layer (tf) is then remeasured. 
Substantially all of any residual solution remaining above piston head 850, within cylindrical 
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holes 854 and 860 in piston head 850, or below cylinder screen 866 that does not spontaneously 
drain is then otherwise removed (e.g., using a disposable pipette) while minimizing any 
disturbance to the hydrogel layer. The volume (V r ) of any residual SBDS remaining in the gap 
between piston head 850 and cylinder 834 is estimated from geometric considerations (i.e., the 
fractional area (F a ) of the gap between piston head 850 and the inner wall of cylinder 834 that is 
filled with SBDS multiplied by the calculated volume (V g ) between the piston head and the 
cylinder wall). Voids within hydroge! layer 868 should remain fully saturated with SBDS. The 
piston/cylinder assembly 828 is then re-positioned, if necessary, on the 16 mesh rigid stainless 
steel support screen. SS is then added to cylinder 834 through the solution delivery/removal 
hole (not shown) in cylinder cover 837 and allowed to flow through piston head 850 and 
hydrogel layer 868. Solution exiting the cylinder 834 through cylinder screen 866 in this step is 
quantitatively collected. A convenient apparatus for delivering SS to the cylinder and 
maintaining a constant but low hydrostatic pressure of SS (e.g., up to about 5 cm water) is the 
constant hydrostatic head delivery apparatus shown in Figure 7 (references numbers 612 through 
626). Optionally, weight 848, cylinder cover 837 and piston 836 can be removed just prior to 
the SS exchange step (without removal of hydrogel-forming polymer or SBDS) to facilitate 
access to and removal of Blue Dextran contained in voids within the hydrogel layer. Solution 
exiting through cylinder screen 866 is periodically sampled and its optical absorbance is 
measured. Addition of SS is continued until the flushing out of Blue Dextran contained in the 
voids within hydrogel layer 868 is essentially complete, as indicated by the exiting solution 
having an optical absorbance approximately equal to zero (e.g., less than about 0.001 absorbance 
unit). Typically, the total volume of SS used in this step is approximately 10*V hgi . The use of 
excess SS in this step should be avoided, since it can result in excessive dilution of the Blue 
Dextran. The volume of the solution collected in this step (Vf) is determined either 
gravimetrically or voiumetrically. After mixing, the optical absorbance of this final solution 
(Af) is measured. 

For a hydrogel layer having a very high permeability, a lower hydrostatic pressure is 
typically used in the SBDS and SS flushing steps or solution can be otherwise added in a step- 
wise fashion (for example, by using a pipette) to control the rate of flow and allow for periodic 
sampling. 

For some hydrogel-forming absorbent polymers (e.g., those having extremely low 
permeability), absorption of Jayco solution by the hydrogel may not have leveled off after one 
hour and thus additional fluid may be absorbed during the solution exchange steps. For these 
hydrogel-forming polymers, it is optional to extend the time for Jayco solution absorption to 
longer periods (e.g., 16 hours). For hydrogel layers having very low permeability, longer time 
periods for the solution exchange steps may also be required. 
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I f the thickness of the hydrogel layer changes as a result of the SBDS exchange step by 
more than about 10%, then the concentration of NaCl in this solution needs to be adjusted 
appropriately so as to reduce the extent of thickness change. This is likely to be particularly 
necessary for a mixed-bed ion-exchange hydrogel composition where ion exchange impacts the 
interstital concentration of dissolved electrolyte. 

The size-exclusion polymer used for this method should not be appreciably adsorbed by 
the hydrogel. Thus, for e.g., cationic polymers, mixtures of hydrogel-forming polymers in 
neutralized form that contain a cationic polymer, and mixed-bed ion-exchange hydrogel-forming 
polymer compositions it may be necessary to use an alternative size-exclusion polymer (e.g., a 
high molecular weight Dextran) and/or use an alternative method (e.g.. chromatography) for 
determining relative solution concentrations of the size-exclusion polymer . 

V v and PHL is calculated using the following formulas: 

V v = V f * Af / Aj - V r 
PHL - V v /V hg , 

The average of at least two determinations should be reported. 

See U.S. Patent 5.552,646 to Goldman et ah for an example illustrating how PHL is 
calculated in accord ance with the present invention. 

4. Gel Volume 

For most anionic hydrogel-forming absorbent polymers, gel volume can be determined by 
the method described in U.S. Reissue Patent 32,649 (Brandt et al), reissued April 19, 1988 
(herein incorporated by reference) but using Jayco synthetic urine. The gel volume is calculated 
on a dry-weight basis. The dry weight used in the gel volume calculation is determined by oven 
drying the hydrogel-forming absorbent polymers at 105°C for three hours. 

An alternative method for measuring gel volume can be used for hydrogel-forming 
absorbent polymers that adsorb Blue Dextran to the surfaces of the formed hydrogel (e.g., 
cationic hydrogel-forming polymers). For these hydrogel-forming polymers, the Absorptive 
Capacity test is used, but the dry weight of the hydrogel-forming polymer is used in the 
calculation instead of the as-is weight. See U.S. Patent 5,124,188 (Roe et al), issued June 23, 
1992 at Columns 27-28 (herein incorporated by reference) for description of the Absorptive 
Capacity test. 

For hydrogel-forming polymers in their un-neutralized forms, it is possible to modify 
the above methods for in-situ neutralization in order to measure the gel volume of the hydogel- 
forming polymer after neutralization. In these modified procedures, a stochiometric quantity of 
either NaOH or HC1 (e.g., 1.0 M Baker Analyzed Reagent) sufficient to at least partially 
neutralize the hydrogel-forming polymer (e.g., from about 75% to 100%) is added to the Jayco 
synthetic urine. Gentle stirring is used to facilitate neutralization. For the Blue Dextran method, 
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the added volume should be minimized, both test and reference solutions need to be similarly 
treated, and measured optical absorbencies need to be appropriately corrected for changes in 

solution volume. 

5. Gel Streng th 

The gel strength or shear modulus of the formed hydroge! is determined using the Gel 
- Strength/Shear Modulus Determination method described in the referenced U.S. Reissue Patent 
32,649, with the following modifications: (i) the hydrogel-forming absorbent polymer is 
swollen in jayco synthetic urine, (ii) an oscillatory rheometer having a parallel plate 
configuration, wherein the gap is set at 1.0 mm. is used, (in) the formula for calculating shear 
modulus is modified for the above parallel plate configuration, (iv) the strain amplitudes less 
than about 0.3%, and (v) the hydrogel-forming polymers are ground (e.g., so it passes throu e h a 
No 4> U.S.A. Standard Testing Sieve (350 microns openings)), if necessary, so the formed 
hydrogel packs at a high loading factor between the plates of the oscillatory rheometer. For 
hydrogel-forming polymers in un-neutralized form a stochiometric quantity of either NaOH or 
HC1 (e.g., 1 .0 M Baker Analyzed Reagent) sufficient to at least partially neutralize the hydrogel- 
forming polymer (e.g., from about 75% to 1 00%) is added to the Jayco synthetic urine. 

6. Extractables 

The percentage of extractable polymer in carboxylic acid based hydrogel-forming 
polymers is determined by the Extractable Polymer Content Determination - Carboxylic Acid 
Based Hydrogel-Forming Polymers method described in U.S. Reissue Patent 32,649 (Brandt et 
al), reissued April 19, 1988 (herein incorporated by reference), but using 0.9% saline solution 
filtering the supernatant through a Whatman 0.7 micron GF/F glass microfiber filter (e.g. 
Catalog #1825-125) or equivalent, and calculating the extractable polymer on a dry-weight 
basis. It is also noted that in U.S. Reissue Patent 32.649 that Va should refer to the volume of 
base and Vb should refer to the volume of acid. 

The percentage of extractable polymer in non-carboxylic acid based hydrogel-forming 
absorbent polymers (e.g., weak-base or strong-base cationic hydrogel-forming absorbent 
polymers and strong-acid anionic hydrogel-forming absorbent polymers) is determined by the 
distilled water/gravimetric method entitled Extractable Polymer Content Determination - 
Sulfonic Acid-Containing Hydrogel-Forming Polymers described in the referenced U.S. Reissue 
Patent 32,649 , but calculating the extractable polymer on a dry-weight basis. 

For un-neutralized hydrogel-forming polymers such as those used in a mixed-bed ion- 
exchange hydrogel-forming polymer composition, in-situ neutralization is used to convert the 
un-neutralized hydrogel-forming polymer to its partially-neutralized form. In this procedure a 
stoch.cmetric quantity of either NaOH or HC1 (e.g.. ,. 0 M Baker Analyzed Reagent) sufficient 
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to at least partially neutralize the hydrogel-forming polymer (e.g., from about 75% to 100%) is 
added to the 0.9% saline solution. 
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A mixed-bed ion-exchange hydrogel-forming polymer composition comprising 
one or more cationic ion-exchange hydrogel-forming polymers and one or more anionic ion- 
exchange hydrogel-forming polymers, characterized in that the mixed-bed ion-exchange 
- hydrogel-forming polymer composition exhibits increased Performance Under Pressure (PUP) 
" capacty relative to a comparable mixture of the constituent cationic and anionic hvdrogel- 
formmg polymers, each of which is at least 70% neutralized. 

2. The mixed-bed ion-exchange hydrogel-forming polymer composition of Claim 
1 hav,n g a PUP capacity of at least 20% more, preferably at least 50% more, more preferably a, 
leas, .00% more, than the PUP capacity of the comparable mixture of the constituent cationic 
and an.omc hydrogel-forming polymers, each of which is a, least 70% neutralized. 

3- The mixed-bed ion-exchange hydrogel-forming polymer composition of Claim 
1 or 2 characterized in that PUP capacity is measured after 225 minutes. 

4- The mixed-bed ion-exchange hydrogel-forming polymer composition of Claim 
1 or 2 characterized in that PUP capacity is measured after 60 minutes. 

5. The mixed-bed ion-exchange hydrogel-forming polymer composition of Claim 
1 or 2 characterized in that PUP capacity is measured under a confining pressure of 0.7 psi. 

6- The mixed-bed ion-exchange hydrogel-forming polymer composition of Claim 
1 or 2 characterized in that PUP capacity is measured under a confining pressure of 1 .4 psi. 

7. A mixed-bed ion-exchange hydrogel-forming polymer composition comprising 
one or more cationic ion-exchange hydrogel-forming polymers and one or more anionic ion- 
exchange hydrogel-forming polymers, characterized in that the composition has either (i) a PUP 
capacty at 225 minutes of at least 25 g/g, preferably at least 28 g/g, more preferably at least 33 

g/g, under a confining pressure of 0.7 psi- or (\\\ * pud „ rt * . 

B K p 9 or w a PUP capacity at 60 minutes of at least 25 g/g 

preferably at least 28 g/g, under a confining pressure of 0.7 psi. 
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A mixed-bed ion-exchange hydrogel-forming polymer composition comprising 
one or more cationic ion-exchange hydrogel-forming polymers and one or more anionic ion- 
exchange hydrogel-forming polymers, characterized in that the composition has a PUP capacity 
at 225 minutes of at least 20 g/g, preferably at least 23 g/g, more preferably at least 26 g/g, 
under a confining pressure of 1.4 psi. 

9. The mixed-bed ion-exchange hydrogel-forming polymer composition of any of 
Claims 1-8 characterized in that the cationic ion-exchange hydrogel-forming polymer(s) has an 
anion-exchange capacity of at least 6 meq/g, preferably at least 10 meq/g. more preferably at 
least 1 5 meq/g. 



1 0. The mixed-bed ion-exchange hydrogel-forming polymer composition of any of 
Claims 1-9 characterized in that the cationic ion-exchange hydrogel-forming polymer is selected 
from the group consisting of polydimethyldiallylammonium hydroxide, 
polydimethylaminoethylacrylate, polydimethylaminoethylmethacrylate, and derivatives and 
mixtures thereof. 



11. The mixed-bed ion-exchange hydrogel-forming polymer composition of any of 
Claims 1-10 characterized in that the anionic ion-exchange hydrogel-forming polymer is 
selected from the group consisting of polyacrylic acid, polymaleic anhydride copolymers, and 
derivatives and mixtures thereof. 

12. An absorbent member for the containment of aqueous body fluids, which 
comprises at least one region comprising the mixed-bed ion-exchange hydrogel-forming 
polymer composition of any of Claims 1-11. 

13. The absorbent member of Claim 12 characterized in that the region comprises 
from 60 to 100%, preferably from 70 to 100%, more preferably from 80 to 100%, of the 
composition. 

14. An absorbent article comprising a fluid pervious topsheet, a backsheet and an 
absorbent core positioned between said topsheet and said backsheet, characterized in that the 
absorbent core comprises the absorbent member of Claim 13 or 14. 
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The absorbent article of Claim 14 which is a diap 
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